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PREFACE 


In placing the present work in the hands of chemical 
manufacturers, chemical engineers, and works chemists, 
the object of the>authoi-s has not been to add to the 
treatises on chemical engineering which are already in 
existence. They have simply attempted to condense 
into a series of monographs the fruits of some twenty 
years’ experience of the actual designing of chemical 
works and the selection of chemical plant, supplement- 
ing the letterpress with a series of actual working draw- 
ings such as have not hitherto been presented in a 
volume of this nature 

In works of the customary type dealing with chemi- 
cal engineering, complete working drawings, such as will 
be found in these pages, are very infrequent. The authors 
of theoretical handbooks ou this subject have dealt at 
length with the theory of design, but they seldom pro- 
vide the manufacturer or works manager with such 
drawings as will assist him in the designing of a new 
works or the remodelling of an old one. The reason 
for this omission is, of course, obvious. Some attempt 
has been made by the authors of the present volume to 
remedy this omission. The drawings included in the 
earlier sections embody the result of actual experience 
in planning chemical works. The authors make no 
claim to finality in presenting the various arrangements 
suggested, but the manufacturer or engineer who studies 
the drawings is simply assured that the practice which 
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is tlierein indicated has been followed with a large 
measure of success in existing works both at home and 
abroad. 

Commencing with some consideration of the import- 
ant question of the selecting of a site for a new works, 
practical hints are given as to the laying out of the land, 
the utilization to the best advantage of the various 
levels which are generally to be found, and the provision 
of such important adjuncts as railway sidings, etc. The 
question of foundations is dealt with and the best 
aiTangement of the drainage is indicated. A few notes 
on materials used in construction are next considered, 
and. following this, the first principles to be observed 
in the actual laying out of a works are dealt with. 
Questions of transport by rail or water call for attention, 
and the making of roads for internal communication 
between the different sections of a large works is not 
xost sight of. The design and erection of the various 
buddings need to be carefully considered, and here some 
useful hints as to the best arrangements to secure a 
proper sequence of operations will be found. As the 
volume is intended to be equally useful to the manage- 
ment of large manufacturing establishments as to smaller 
concerns, it will be found that questions such as the 
planning of the various artisans’ shops and stores find 
a place in this section of the book. Some notice of 
the arrangements for fire-prevention, and the organiza- 
tion of work -I fire brigades, will be found of interest, 
while hints on ambulance arrangements and provision 
for dealing with the accidents inevitable in all large 
works are also given. 

Having dealt with the guiding principles which 
should be followed in the selection of the site, the 
materials used, and the best practice in planning a works, 
a chapter is devoted to the important subject of power 
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plant. A modern power-house is described, and al- 
though this may be regarded as somewhat of an ideal 
arrangement, the principles which are laid down are 
those which are now observed in the most up-to-date 
works, and the manufacturer who operates on a modest 
scale will not fail to secure some useful hints from a 
summary of the best practice in the generation and 
application of power. 

Subsequent chapters deal with that class of chemical 
plant into which constructional engineering enters very 
largely, and here again it will be found that much in- 
formation not usually given in books of this description 
has been included. The special types of buildings suit- 
able for the housing of chemical plant have been dealt 
with in a practical manner. This section of the book 
has been chiefly devoted to detailed descriptions of 
sulphuric acid plant, nitric acid plant, hydrochloric acid 
-plant, artificial manure plant, and sulphate of ammonia 
l^lant. The working drawings which are incorporated 
in this section represent actual designs worked out 
in the light of a long experience of the conditions of 
manufacture which obtain in this country. Each section 
dealing with a specific type of plant has been so modelled 
as to include the design of buildings most suitable for 
the housing of engines, tanks, etc. (where buildings are 
necessary). This method of treatment results in a series 
of chapters each of which deals with a particular 
department of chemical plant, and the value of this 
aiTangemeut lies in the fact that the works manager who 
is confronted with the task of designing such a plant 
has placed before him a reliable guide, especially to 
the constructional side of the work. 

The third section of the volume is devoted mainly to 
a consideration of the general plant which is required in 
the equipment of a chemical works. The selection hei e 
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has been carefully made, and includes only the best 
and most up-to-date apparatus. Here, again, the fruits 
of a lengthy experience have been brought to bear, and 
the plant described and illustrated will be found to be 
the best of its type. As far as possible, the “ catalogue ” 
element has been eliminated from this section. This is 
not an easy thing to do. All manufacturers have access 
to engineers’ catalogues, and the task which confronted 
the authors was to select those pieces of plant of which 
they have practical knowledge, and to give such details 
as are not readily accessible to the average manufacturer 
or works chemist, and to furnish them with such hints, 
drawn from actual experience, as will enable them to 
make a wise selection. Progi'ess in this department 
of engineering has been very rapid of recent years, and 
nowhere is care more needed than in securing w^ell- 
designed and durable accessories for the equipment of 
a chemical works. 

To sum up the objects which the authors have in 
view in placing this volume in the hands of the technical 
chemist, their aim has been to present in each chapter 
a summary of sound practice in up-to-date construction ; 
to give such practical details as are not generally to be 
found in the theoretical treatises on the subject ; and to 
aid those responsible for the management of chemical 
works in the task of designing new works by dealing 
with the subject as it would be dealt with by a consult- 
ing chemical engineer if such an expert were called in to 
advise. The most valuable portion of the book will 
probably be found in the plates of working drawings 
which are presented, and the chapters dealing with the 
design and arrangement of the plant. In the nature of 
things it is not possible to include details of what are 
still semi-secret pieces of chemical plant. It is equally 
impossible to give elaborate descriptions of some types 
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of plant whicli are still in the process of evolution ; but 
within the limits which the authors have carefully im- 
posed upon themselves the volume will, they believe, be 
found a useful addition to the literature of chemical 
technology. 

S. S. D. 

s. s. c. 

Dovbb, July, 1911. 




TABLE OF CONTENTS 


CHAPTER I 

PAGJB 


Ohoic® op Site 

• 

• 

. 1-10 

CHAPTER n 

Notes on Materials used in Construction 



11-17 

CHAPTER III 

First Pbinoiplbs in Laying Out of Works 



18-37 

CHAPTER lY 

The Power House 



38-69 

CHAPTER V 

Sulphuric Acid Plant 

• • 


70-86 

CHAPTER Yl 

Hydrochloric Acid Plant 


. 

86-91 

CHAPTER Yn 

Nitric Acid Plant 



92-96 


CHAPTER ym 

Notes om- High Explosives Plant ... . . 97-108 

CHAPTER rX 

Sulphate op Ammonia Plant .... . . 109-116 

CHAPTER X 


Artipioial Manure Plant . 


116-118 



CONTENTS. 


xii 


CHAPTER XI 


FAG5 

GBNBfiAL Plaitt 119-170 

APPENDIX I 

Os THB Ohbmigal Engibbeb 171 


APPENDIX n 

Thb Saw-mhiL ajsij) Box-makinq Dbfabtmbnt 173 

APPENDIX m 

Thb At.ttat.t, bto., Works RbgtjIiAiion Act— 

(i) Alkali Works and Alkali Waste 176 

(u) Sulphurio Acid, Muriatic Acid and other specified works 178 
(iii) Registration of Works. — Inspection — Special Rules — 

Procedure — Miscellaneous ...... 180 

APPENDIX IV 

^^Wblpare Work” or '^Prosperity Sharing” .... 193 

Index 2Q6 





CHOICE OF SITE. 

One of the chief features governing the choice of a site for 
a works, apart from its vicinity to canal, railway, or river 
approach for the means of carnage of its raw matenals and 
finished products, is, of course, the nature of the ground it- 
self, considered as to its suitability for carrying the structures 
required for the operations of the particular manufacturing 
processes in question. 

A good natural foundation should, if possible, be secured. 
By this is meant either a good rock foundation, close gravel, 
or hard clay. Ground which is ot a shifting nature should be 
specially avoided, as also ground which would require pile- 
dnving, and these remarks are specially applicable where any 
heavy superstructure is contemplated. 

For this reason trial holes should be dug in various parts of 
the site, and a site plan prepared on which the position of the 
holes can be marked, together with notes on the nature of the 
soil at these points. If the site is not level, the levels could 
also be plotted and marked on this plan, although a separate 
plan givmg the levels is more often preferred. 

For choice, a level ground is preferable in many cases, aK 
though in some instances advantage may be taken of inequalities* 
especially in works designed for the heavy chemical trade, or in 
alkali works. Several instances might be cited where, in the 
experience of the authors, varying levels have been turned to 
account by using the lower levels as dumping-pits for the large 
quantities of waste of different kmds made durmg the processes 
of manufacture Again, similar advantage may be taken of 
varying levels where liquids may be allowed to find their way 
from one process to another by gravity, instead of being pumped, 
thus effecting a saving in cost. 

1 
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It IS hardly necessary to draw the attention of those engaged 
in the alkali and heavy chemical trade on a large scale to the 
necessity for choosing.a site where plenty of land is available, 
as a considerable area is taken up by the large stores of raw 
material required both for use in process operations and for 
repairs to plant and buildings. 

In some districts where very few houses exist, it may be 
necessary to build cottages for the employees, and additional 
ground may be purchased near to or adjoining the works for 
this purpose. Port Sunlight (Messrs Lever Bros.) is a fine 
example of this kind, but not many firms could face the expense 
of putting up cottages of this type A less pretentious scheme 
is that of the village of Kynocktown, in Essex, erected for the 
employees engaged in the explosives factory of Messrs. Kynock, 
Limited. Although not engaged in the chemical trade, while 
considering this subject the arrangements which Messrs. 
Cadbury, of cocoa fame, have made for their workpeople at 
Bournville, near Birmingham, are worthy of careful study. 

As far as possible, it is also well to take into account probable 
extensions to the various buildings and plant and the ground 
"that would be required for this purpose, and while aiming to 
arrange the plant so as to reader ^it as compact as possible, the 
general lay-out should be carefully considered, so as to permit of 
future extensions. Port Sunlight may again be taken as an 
example of a site chosen which admitted of ready expansion, as 
evidenced from the fact that from a weekly output of about 800 
tons per week when the works were started there, some twenty 
years ago, the weekly output is now over 3000 tons, and em- 
ployment is given to some 4000 people, while extensions are still 
going on Many operations that were probably not thought of 
in the original scheme of these works when they were trans- 
ferred to Port Sunlight, have been capable of being installed. 
It IB stated that over sixty trades are to be found carried on at 
‘ Port Sunlight. We venture to think this could not have been 
done had not Messrs. Lever Bros, wisely chosen their site with 
a view to expansion. 

This point sometimes receives little consideration. Although 
such provision involves additional expenditure upon land, it 
will m many cases be found better to face such expenditure, 
especially if the manufacturmg operations are to be upon a 
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large scale. Even in the case of a comparatively small works, 
expansion is far easier and cheaper if a little spare land 
can be secured at the outset. It is often a simple matter in 
planning a works to allow space for duplication of the most 
important sections of the plant. It may be unnecessary, for 
instance, to double the mmimum amount of land required 
and thus at the same time double the minimum capital ex- 
penditure on land, as it will be found that to make pro- 
vision for additional units of the more bulky plant will be 
sufficient. If a power house, for instance, is to be erected, 
the space required for an additional steam or gas engine 
does not mean that a plot of land double the size of that 
required for a single engine will be called for. Similarly, in 
designing the boiler-house it is not necessary to allow for 
actually doubling the number of boilers, but if, say, three or 
four are required at the outset in a works of medium size, then 
provision for two additional boilers would enable the manufac- 
turer to add very appreciably to the capacity of his plant at a 
small additional cost for land. Moreover, spare ground is always 
extremely valuable for storage purposes. The point to be kept 
in mind is that if a works is even moderately successful, then 
expansion in some degree will be necessary at a fairly early 
date, and one of the greatest drawbacks to such expansion is 
lack of space. 

Where land is chosen in the vioimty of the coast, or along- 
side an estuary, it is advisable to obtain definite information as 
to the highest tides with respect to the levels of the site chosen, 
as these will affect, to a great extent, the arrangement of the 
drainage, which is a feature that is too frequently lost sight of 
in the laying out of a works. We have known cases where 
insufficient attention to the details of the drainage scheme has 
led to a vast amount of expense and inconvenience at a later 
date. Buildings have actually been placed over the main drains, 
and much expense has been incurred in obtaining access to these 
drains when a stoppage occurs. We shall have more to say on 
this matter when dealing with the laying out of the works in 
Chapter III 

When the site has been selected, and the general arrange- 
ment of bmldmgs and roadways has been settled, the question 
of drainage should then be the first point to receive close atten- 
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tion. If the site is on the coast or on a tidal river, the fines from 
chimneys, boilers, and furnaces should be kept above tide or 
flood level, as the stoppage of any industrial process might easily 
be caused by the flues being flooded. We may quote one ex- 
ample, where, owing to this matter being overlooked, the pit of 
a set of gas-producers was placed below the level reached by 
high water at spring tides. The whole of the producers were 
put out, and the furnaces which were supplied with gas from 
them rendered useless for the time being. If for any reason a 
pit has to be below water level it should be built as a concrete 
tank, and finished off with cement, so that water cannot leak 
through. The reason for the pit being so low down in the case 
just mentioned, was in order that the charging stage should be 
on a level with the floor of the coal wagons, and thus facilitate 
unloading the fuel. 

A plan that was adopted by a chemical works recently 
erected, situated on a tidal estuary, was to build all the flues 
on the ground level, and fill up level the top of these with the 
excavated material from other portions of the works. This 
placed the working floor level at such a height as to leave the 
adjoining ground available as a tip for the cinders and clinkers, 
and other solid refuse, and ensured the flues being well above 
any drains ; all the drains being below the natural ground level. 

A plentiful supply of good water is a necessity for most 
chemical processes. It may happen that the water that is suit- 
able for process operations would not be suitable for use in the 
Ijoilers, or vice versa. 

We have known several cases where on this account wells, 
have been sunk, in addition to the other sources of supply for 
the works in question. Where a well is sunk, the top or surface 
water must be prevented from draining into it, so as to avoidi 
impurities. It may be necessary in order to secure this, to- 
use cast-iron cylinders bolted together with internal flanges, 
a common size for this purpose being about 3 feet diameter 
and in 6 feet lengths. This is for cases where water can be 
reached at moderate depths, but where it is necessary to go to 
a great depth recourse must be had to a bore-hole lined with 
tubes, the joints of which must be thoroughly tight. But deep 
bore-holes are costly, and should only be resorted to where 
other means of supply fail. 
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At one works with which we were connected, the water 
supply for the boilers was obtained from a deep bore-hole, and 
the water was raised by means of an air jet supplied from an 
air compressor The air lift was kept almost in constant use, 
and supplied an open reservoir from which a battery of six 
Lancashire boilers obtained their supply. 

In negotiating for the purchase of land it is advisable, if pos- 
sible, to select a site where the purchase carries with it any mineral 
rights. This provision frequently guards against any subsequent 
complications which might otherwise arise. In any case, careful 
investigation should be made into the question of these rights. 

In districts where mining or brine pumping is in process, 
serious damage to buildings often results from subsidences, and 
for this reason, if at all possible, such districts should be avoided. 
In the case of an alkali works, brine springs may of course be 
bought along with the land, and here the possibility of sub- 
sidence is entirely the concern of the manufacturer 

Another important question which must be considered is 
that of the proximity of the projected works to agricultural 
land. Farmers have, generally speaking, an inveterate hatred 
of chemical works. In justice to them it must be admitted that 
they have sometimes ample cause for this ; but it is a fact that 
in many instances complaints of nuisance arising from chemi- 
cal works are frequently made on the most flimsy grounds 
Vanous particularly evil-smelling industries are tolerated far 
more readily than the legitimate chemical processes, and the 
unfortunate manufacturer who happens to select a site where 
the prevailing winds render it impossible for him to conceal his 
existence will speedily find himself in serious trouble with any 
local magnate whose residence is within range of the works. 
It IS useless to plead that in connection with chemical manufac- 
turing establishments some degree of odour is inevitable. Even 
where actual dam£^,ge to growing crops or vegetation cannot be 
proved, the management are very seriously handicapped, and this 
aspect of affairs must be given ample weight when searching for 
the best site. 

The direction of the prevailing winds may easily be ascer- 
tained if there are any trees in the neighbourhood, and this, as 
emphasized above, is a matter which is well worthy of close 
attention. 
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The geographical position of a chemical works has a very 
important bearing on the commercial success of such an under- 
taking, and in the selection of the site for a new works the con- 
siderations which must be borne in mind are now receiving 
careful attention The points arising under this head are of 
equal importance to all manufacturers engaged in any of the 
allied industries, and a few examples may be usefully mentioned* 
In the case of an alkali works it is imperative that a plentiful 
supply of brine shall be available, or, failing this, that the works 
shall be so situated that chemical salt may be obtained in large 
quantities with a minimum ot expense for carriage. The natural 
situation of Cheshire has grouped in that county and the adjoin- 
ing county of Lancashire the principal works in the alkali trade. 
The Cheshire salt maker has at hand abundant supplies of fuel 
from the Lancashite coal-fields, and his other principal raw 
materials, such as pyntes or brimstone, may be brought by 
water by means of the Weaver Navigation or the Manchester 
Ship Canal, reducing the cost of railway transport or securing 
to him the advantages of water competition with the railways. 

In the soap trade, we find Messrs. Lever Brothers, as already 
noted, established at Port Sunlight, where not only can the 
supply of chemicals be drawn from the greatest alkali district 
in the world, but fuel supplies are close at hand, and the other 
bulky raw materials, such as oils and fats, may be brought by 
ocean-going vessels to the nver-side wharves of the factory. 
There can be no doubt whatever that such natural advantages 
of geographical situation have contnbuted very materially to the 
wonderful prosperity of Port Sunlight. 

The same district has recently witnessed the development of 
a large works in an industry which is in many respects becom- 
ing of a chemical nature — we refer to the Hawarden Bridge 
Iron Works of Messrs. John Summers & Sons, Limited. Here, 
on the Dee marshes, smelting furnaces and rolling mills on a 
very large scale are supplemented by a large chemical works 
which produces the vitriol, hydrochloric acid, etc., used m the 
production of galvanized iron, dealing also with the residual 
liquors resulting from the galvanizing process. In such opera- 
tions considerable land is required for such bulky plant as vitriol 
chambers and crystallizing vats. Other advantages of such a 
situation are found in the easy disposal of efifluents, as well as 
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the cheap water transport of very heavy goods — both raw mate- 
rials and finished products. Iron ore can be brought in bulk 
cargoes, salt and pyrites come in the same way, while export 
business is very much simplified 

Another favoured district for such works as come within the 
scope of the present volume is that which is served by the Man- 
chester Ship Canal, and here, as an instance, may be cited the 
great Westinghouse Works at Trafford Park, Manchester, The 
Co-operative Wholesale Society has a large soap works at Irlam, 
also on the Manchester Ship Canal, while Messrs. Crosfield & 
Sons, at Warrington, benefit in no small measure by the facili- 
ties for water transport derived from the same great waterway. 

Other districts might be mentioned as showing the import- 
ance of careful selection of the site for a new works, but sufficient 
has been said to emphasize the necessity of careful attention to 
some of those points which make for economy of production and 
cheapness of transport. Such districts as have been referred to 
combine nearness to salt supplies, close proximity to large coal- 
fields, water carriage by sea, river, and canal, with efficient 
railway facilities. 

Another important point m the selection of site is that it 
shall be within easy reach, by road, of the market which it is 
intended to tap. From the point of view of cheap transport 
the increasing adoption of the motor wagon renders it neces- 
sary to be on the line of good highway communication. Recent 
developments in the railway world have made it imperative that 
the manufacturer shall have an alternative system of inland 
transport with which to compete agamst the high freightage 
charges of the railway companies. Second only to water car- 
riage must be placed an efficient system of motor transport for 
goods. This is a subject which is receiving close attention 
on the part of many manufacturers. 

In deciding upon the locality of a new works, consideration 
must be paid to the facilities afforded not only for the transport 
of raw materials and finished products, but also to such points 
as the sources of supply of electric current for power and light- 
ing, and cheap gas for power generation. Various districts are 
now being brought to the notice of manufacturers who may be 
contemplating the establishment of new works, by municipali- 
ties which offer special treatment in these directions. The 
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steady increase in the rates of many large towns has compelled 
large firms to migrate, and where such a change may be de- 
cided upon it IS needless to emphasize the advantage of cheap 
supplies of electric current and gas. In some departments of 
the chemical trade, and particularly in connection with any 
process of an electro-chemical nature, the possibility of obtain- 
ing cheap electric current from the local generating station is 
very important. It is to the advantage of a mumcipal electri- 
city works to secure a fall “ load *’ during the day-time, when 
the current is not being required for town lighting, and in some 
districts, at all events, it will be found that current for industrial 
use may be obtained from the town’s mam at a lower figure 
than that at which it could be generated in the works itself. 
To produce electric current by means of steam-power is gener- 
ally an expensive process. Present-day practice points to the 
use of large gas engines as being the most economical source of 
mechanical power, and if gas engines are adopted, the choice of 
supply of the necessary power-gas hes between the town’s 
supply and the adoption of gas-producer plant. Where gas for 
power purposes is available at a low figure, this may obviate 
the necessity for installing plant for its manufacture, and in 
some towns in the North of England, very low rates are offered 
for gas supplies. The adoption of producer-gas, to be trans- 
formed into power by means of the gas engine, places in the 
hands of the manufacturer a very cheap method of generating 
electric current in his own works. The subject of power 
generation will be found dealt with at length in the chapter on^ 
this subject, but in passing it may be observed that the facilities 
offered in the direction of cheap electric current and cheap gas 
may with advantage be carefully weighed when deciding on the 
site for a new works 

The control of chemical works by the Local Government 
Board under the Alkali, etc.. Works Eegulation Act, as regards 
the emission of noxious vapours, has now been m force so long 
that the relations between manufacturers and the authorities 
are clearly defined. The administration of this Act had been 
carried out very wisely, and with marked benefit to the manu- 
facturers themselves Such a result has been attained by 
entrusting the inspection of chemical works to men who have 
had long and practical experience in the working of the various 
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processes, and in touching upon the 

it is only fair to record the cordiality of the relaux^"^ ^ 

"the inspectors and the firms engaged in chemical manufacture- 
For convenience of reference, the text of the New Alkali Act, 
which consolidated the previous statutes, is given as an appendix 
i)o the present volume. 

Of equal importance with that of gaseous effluents is the 
•question of the disposal of waste liquors from chemical processes. 
Here, again, the wisdom of selecting a site where such effluents 
may after suitable treatment be turned into adjacent water- 
■courses is self-evident, and this brings up the question of the 
supervision exercised by Eiver Boards over such watercourses, 
and due weight must be given to the requirements of the various 
authorities. 

In some cases the Eiver Conservancy Boards permit effluents 
•containing not more than a small percentage of acidity, and 
where effluents of an acid nature are hkely to be turned from 
"the works into the stream or sewer, some process for neutraliz- 
ing, similar to that which is in vogue in many works, namely, 
hming the ditches, would have to be adopted. 

Where liming is resorted to, the lime should be added to the 
■effluent in the form of milk of lime, and a good mixer, of which 
there are several on the market, should be used. It should be 
borne in mind that it is far cheaper to buy good lime that is 
readily solvent, even at a higher price, than a cheap lime which 
leaves a large amount of sludge. The works chemist should 
make tests of the effluents twice or three times a day and a 
record should be kept of these. On the visit of the Eiver Con- 
servancy Board inspector samples should be taken at the same 
"time that he takes his samples for analysis. 

If the levels would allow the flow of the effluents to fall over 


cascade, this would greatly add to the mixing of the effluent 
with the milk of lime. Otherwise it is a good thing for one of 
•the labourers to be told off to stir the ditch up with a paddle 
occasionally 

So far we have been considering the choice of site in relation 
"to works of some magnitude, but there are of course many 
minor chemical industries in which no obnoxious gases are 
■evolved or effluents to be disposed of, and which would be quite 
■capable of being carried on in a manufacturing town without 


On3 
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giving cause for any complaint to such manufacturers. It 
might here be possible to take advantage of the particular 
districts where corporations are laying themselves out to supply 
eleetncal power, hydraulic power, and gas supplies, both for 
power and lighting. 



CHAPTRE IL 


NOTES ON MATERU.LS USED IN CONSTRUCTKJN. 

In considering the materials of construction mostly used m 
connection with chemical works, these may for convenience be 
placed m four classes : building materials, such as l)ricks, slate, 
glass, stone, cement and concrete-forming materials, fire-clay, 
earthenware, and similar substances comprise one class ; timber 
may form another class ; metals still another ; wliile in a fourth 
class such miscellaneous substances as rubl>er, leather, felt, etc., 
may be placed. 

Metals. 

In the alkali trade, lead takes the foremost position amongst 
this class of materials. Cast-iron comes a good second, witli 
steel and wrought-iron following. Kuch materials as copper and 
alloys with copper, zinc, aluminium, platinum, pho.splior-lironzci, 
and regulus metal are only used in a minor degree compared 
with the metals previously mentioned. 

Lead , — The lead used for chemical purposes is specially pure 
The weight of lead, roughly speaking, is about eleven times 
that of water. Sheets of lead can now be rolled to almost any 
thickness required, and for sheets of medium thickness can be 
obtained up to 9 feet in width and up to 25 feet in length, or more. 
Lead has a greater co-efficient of elongation under heat than 
any other metal, and, being extremely ductile, is capable of being 
beaten into almost any shape desired. It must be remembered 
in dealing with lead-work for chemical purposes that no soldering 
is permissible, and that all joints must he made by melting, or, 
as it is generally termed, lead-burning. This subject is touched 
upon in Chapter III , m speaking of the plumber’s sliop. 

Lead barreling can be obtained in 12-feet lengths, from 
inches to 6 inches in diameter, and solid drawn-lead pipe 
of the smaller diameters can be obtained in coils of almost any 
length desired. 


ai) 
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Old chemical lead will generally fetch a fairly good price 
when it is disposed of, bnt in most cases it can be utilized by 
melting up for various purposes in the factory. Lead is gener- 
ally spoken of according to the weight per superficial foot, such 
as 5-, 6-, 7-, or 8-pound lead. 

In conjunction with leadwork generally, attention may be 
drawn to the numerous fittings that are made in regulus metal, 
and which can be readily connected by the plumber to vessels of 
lead. These 'fittings are well known to all chemical manufac- 
turers and chemical engineers. 

Sulphuric and hydrochloric acids have no action on lead at 
ordinary temperatures, and but little action at a boiling tempera- 
ture, Nitric acid dissolves the metal with evolution of nitric 
oxide, especially when the acid is rather dilute. The vapours of 
acetic acid corrode lead rapidly, and in the presence of carbonic 
acid convert it into white lead. Alkalies have no decided action. 
Chlorine converts the metal slowly into lead chloride, but the 
surface film thus formed protects the metal beneath. 

Lead is extensively used as a jointing material in formmg 
spigot and faucet joints where the liquid lead is run in. A form 
of lead joint which is said to stand heavy pressure, and which is 
claimed to be made more easily than a run-lead joint, is that 
made with lead wool as manufactured by the Lead Wool Co., 
of Suodland, Kent. 

Copper. — Copper, although not used to the same extent in 
chemical works as lead, is employed extensively in condensing 
and evaporating plant for various purposes, while its uses in 
connection with electrical plant are too well known to mention 
in detail. 

Phosphor Brmize . — In a paper entitled “ Some Notes on Phos- 
phor-Bronze,” read before the Institute of Metals, Mr. Phillips 
pointed out that the special characteristics of this alloy are : (1) 
its freedom from corrosion by salt water, which is apparently 
largely due to the absence of zinc ; (2) its high qualities as a 
mechanical constructive material as compared with an ordinary 
zinc-free brass ; (3) the small eJBfect which rise of temperature 
has upon its mechanical properties, which remain practically 
unimpaired at temperatures at which zmc-containmg copper 
alloys exhibit serious falls in strength; (4) a spark cannot be 
readily obtained from it by a blow , (5) phosphor-bronze of 
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high phosphorus content possesses low friction co-efilicients for 
most metals, and is hard enough to resist abrasion well On 
account of these properties phosphor-bronze is particularly suited 
for boiler fittings and fittings exposed to water, for the construc- 
tion of machinery for the manufacture of explosives, and for 
beanngs for high-speed machinery. 

Alwmmim — In a paper also read before the Institute of 
Metals, Mr Bonner has called attention to the fact that alu- 
minium is now selling at about half the price which it com- 
manded seven years ago. The metal, owing to its lightness, is 
very useful where handling of liquids has to be performed by 
means of movable troughs, more particularly in cases where 
troughs or similar vessels in lead would be extremely heavy 
and unwieldy, whereas such vessels in aluminium can be readily 
handled. We have used aluminium fans for removing acid 
fumes, and have found the metal to withstand the action of the 
acid much better than any other material at similar coat. In 
explosives works particularly various articles of aluminium are 
in use. The only drawback in the utilization of the metal for 
general purposes is the difficulty of brazing, as this requires an 
expert knowledge to make successful joints 

In a paper read before thi? Iron and Steel Institute Mr. 
F. J. E. Carulla has given some useful hints on the use of cast- 
iron in the construction of chemical plant. He observes that 
cast-iron is a substance which, in consequence of its varied 
composition and uncertain properties, it is most difficult to 
classify. The consequence is that there are certain firms who 
possess experience and special knowledge of the use of parti- 
cular brands for various purposes that are unknown to the 
trade in general ; nevertheless some simple rules can be applied 
even in this case. 

For certain purposes, as, for example, ammonia stills, cast- 
iron seems practically everlasting, and there can be no secret as 
, to brands. The cast-iron parts of such an apparatus known to 
' the writer of the paper were stated to be practically perfect after 
eighteen years of working. There was no sign of wear in any 
■ of the cylinders, and a remarkable fact was that the lower 
section of the liming cylinders, containing the manhole, had 
been repaired at the time of erection, a large blowhole being 
detected in the casting ; the place was made good with rust. 
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cement (iron filings and sal-ammoniac), and notwithstanding 
that the work was carried on at a pressure of eight to ten 
pounds per square inch, no leakage had taken place. 

In the case of ammonia stills, the reactions are entirely 
basic, lime being used to drive off the fixed ammonia, but even 
acid chemicals have sometimes little action on cast-iron. Nitre 
pots of cast-iron will withstand the action of sulphuric and 
nitrous acids in a glowing furnace remarkably well, the seeth- 
ing mass taking months and sometimes years to destroy the 
vessel. Yet when hydrochloric acid is in question, cast-iron 
succumbs like any weaker metal. Whilst this is common know- 
ledge, the fact is not realized to its full extent. Percy (“ Iron 
and Steel,” pp. 145-47) describes the experiments of DanieU, 
who obtained from a cube of cast-iron, immersed in dilute 
hydrochloric acid, a spongy mass, easily out with a knife, which 
was dark grey, and somewiiat resembling plumbago. He also 
gives the following analysis, by Calvert, of such a residue pro- 
duced by the uninterrupted action of the acid during two years 
on cubes of the metal . — 


Oarbon - 


Cast iron. 

Per Cent 

2 900 

Residue 
Per Ceut 
11-020 

Nitrogen - 

- 

0 790 

2-590 

Silicon - 

- 

0 478 

6 070 

Iron 

- 

96-413 

79 960 

Sulphur - 

- 

0179 

0 096 

Phosphorus 

- 

0-132 

0-069 

Loss 

- 

0108 

0-206 



100-000 

100 000 


As an example of the violent and rapid manner in which 
corrosive action may take place, Carulla instances a casein which 
the plug of a cast-iron cook, used to keep back ferrous liquor 
containing a very small percentage of hydrochloric acid, was 
acted upon to the depth of one-eighth of an inch in a few 
months. This discovery was most opportune, as it caused the 
examination of a cast-iron vessel of considerable size into which 
the liquor in question was admitted, and a similar action was 
found to be going on It was fortunate that this was perceived 
at such an early stage ; as little damage had been done, by a 
variation in the process, in no way detrimental, the action 
-was arrested while the vessel was still good. Ammonia had to 
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loe used in the process, and a portion being introduced at an 
earlier stage, the acidity of the liquor was neutralized- 

It is therefore evident that the action of hydrochloric acid 
must be carefully guarded against. Both the user and the 
maker of vessels that have to withstand it are interested in the 
matter, and here comes in a distinction. Cast-iron is divided 
into two mam groups — the white and the grey. The experi- 
ments of Professor Daniell showed that grey iron is more 
rapidly attacked than the white — three times as fast Hence, 
if a cast-iron vessel is required to resist the action of hydro- 
chloric acid, it is reasonable to say that white iron should be 
selected. Other conditions may require consideration, how- 
ever, and if the vessel has to resist internal pressure, the 
tougher grey ‘iron is preferable to the white and brittle. The 
natural solution of the problem is to make a mixture of a white 
and a grey brand, the grey giving the tenacity and the white 
the acid-resisting power. Mr. Carulla suggests that a better 
plan, however, would be to cast round collapsible chills with 
grey iron, when the interior of the casting, assuming this to be 
cylindrical, becoming white iron to a certain depth, would 
offer the required chemical resistance, whilst the outer coat, of 
considerable thickness, remaining grey, would give the neces 
sary tenacity. Vessels for chemical operations could certainly 
be produced on this plan if it has not already been adopted. 

In connection with the action of hydrochloric acid there are 
operations in which not only the unexpected but the unsuspected 
may happen. It is well known that hydrochloric acid, in its 
free state, and especially in its weak state, must be guarded 
against, but the action of chlorides is apt to be overlooked. 
When ammonium qhloride is heated to 300° C. it is dissociated, 
the hydrochloric acid being set free, with serious results in the 
case of iron tar stills, for example, which when heated to 325° 
C. are affected by the ammonium chloride that has not been 
separated from the raw tar. 

A fm-ther point emphasized by Carulla is that wrought-iron 
chaplets should not be used to hold up the cores of pipes, etc., 
intended for chemical work. Failures are certain in such cases 
when the chemical has any action on iron, las the comparatively 
pure metal is more readily attacked than the cast-iron. Even 
■when cast-iron supports are used failures may stiff result, as the 
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fusing together with the mam casting may not be complete^ 
The method of casting pipes -vertically without the use of chap- 
lets is, therefore, to be recommended for chemical work 

Miscellaneous — Of misceUaneous materials, the following are- 
much used : Vulcanite, rubber, rubbente, ebonite, asbestos, glass^ 
white lead, leather, Uralite, Willesden paper, hemp and rop& 
packing,, aiid felt. 

Asbestos , — Asbestos is a most useful material in chemical 
works. It is unaffected chemically by many of the active agenta 
likely to attack most insulations; it is generally applied for 
boiler and pipe coverings to prevent heat radiation, and its efifi- 
ciency is greatly increased by developing the cellular structure- 
of the covering A mass of asbestos, fiberized and then com- 
pressed, is highly porous, and is rendered nol only waterproof,, 
but an especially effective insulator, under conditions of varying 
moisture, by being saturated with certain varieties of asphalt, for 
example. 

There need be no waste with asbestos, as the scraps from, 
a sheet, soaked in water, make a good cement that can be used 
for making joints in a similar way to making a rust joint, and 
which will not be affected by acids. When asbestos is used for 
making joints between flanged pipes, it should be blaokleaded 
on each side, so that if required to break the joint it will leave= 
easily. 

In close connection with asbestos in its various forms is. 
wralite, a building material made in sheets, and composed of 
asbestos fibre cemented by a mineral glue. Uralite is manu- 
factured in large sheets, which can be employed in the place of 
corrugated iron in roofing, and of wood in lining walls which it 
is desired to render mcombustible. It has the advantage of not 
being affected by water at any temperature, nor by fire, and con- 
sequently resists the action of the weather when exposed, as- 
when employed in place of iron roofing. In first cost the 
two materials are about equal, but as the Uralite sheets are* 
of much less weight than the iron, the cost of construction 
is less. 

The composition of Uralite, which is unacted on by heat, cold,, 
or water, is entirely mineral It consists mainly of short fibres 
of asbestos ; these are reduced by the aid of most elaborate 
maichmery to a fine wool-like texture, and mingled with gela- 
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tinous silica and a small amount of chalk. The reaction of these 
substances on each other, when submitted to heat and pressure, 
gives a material in which the silica, restored to its normal state, 
cements the asbestos into a firm substance, with a hard tough 
surface, not offering any tendency to laminate, and which, when 
formed, into sheets, may be used for building purposes, and can 
be regarded as practically indestructible. 


2 



CHAPTER m. 

FIRST PRINCIPLES IN LAYING OUT A WORKS. 

Amongst the first principles to be considered in laying out a 
works are the ways and means of transport, both as regards the 
raw materials and the finished products. In the nature of things 
the raw materials far exceed the manufactured goods, in bulk 
and weight. "Where the works have good water connections the 
greater part of the raw materials may be brought in in this way, 
as water carriage is generally far cheaper than railway trans- 
port, but, as pointed out in our first chapter, provision must also 
be made for a railway siding into the works, as well as a good 
roadway for ordinary cart traffic. The width of the roads should 
be sufficient to allow one cart to pass another, and the road 
should have a slight fall from the centre to each side for draining 
the surface. 

In close proximity to the line of railway and the wharf should 
be placed such buildings as the power house, and those process 
buildings where large quantities of fuel, or raw materials, will be 
used ; and ample space should be allowed for storage of the sup- 
plies for these portions of the plant. Provision must also be 
made for the disposal of the large amount of ashes and clinker 
from boilers and furnaces when dealing with this question of 
coal storage. In cases where the cinders from the furnaces are 
not required for road making within the works, there is gener- 
ally no difficulty in getting rid of them where there is a railway 
siding into the factory. Most railway companies will take them 
away, free of charge, for use in ballasting the line. 

The several buildings required for the process or manufac- 
turing operations should next be considered, as to their size and 
relation to each other. The chief point to be kept in mind in 
this arrangement of process buildings is to plan them, as far as 
noBsible in such a manner that the development, from the 

( 18 ) 
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state of raw material to that point where the finished product 
is delivered to the stores or loading deck, proceeds in natural 
sequence 

Bearing this point in mind, the process buildings can be kept 
together in a separate block from such buildings as are relegated 
to stores and to workshops in connection with the upkeep of the 
factory. In most large works the artificers employed in the up- 
keep of the establishment, though forming a large item in the 
total expenditure, are a necessity, and nearly every type of 
artificer is required. Thus we have the mechanic's shop, the 
electrician’s shop, the blacksmith’s shop, and the plumber’s shop, 
all of which can be grouped together ; and forming another group 
of buildings in close proximity to the one last mentioned we 
have the carpenter and joiner’s shop, the painter’s and glazier’s, 
and the bricklayer’s stores. With regard to the first group, com- 
prising the mechanic’s, electrician’s, blacksmith’s and plumber’s 
shops, a very good arrangement is to place the mechanic’s and 
electrician's shop in the centre, with the smithy on one side and 
the plumber’s shop on the other, allowing room for extending 
laterally each one of this row of shops. 

In the arrangement just suggested, the reason for placing 
the smithy and the plumber’s shop on the outside is that in 
each of these cases a large supply of stores is necessary to 
replace those consumed. The plumber, in addition to con- 
siderable quantities of made-up articles, also requires a large 
platform on which he can roll out his sheet lead for cutting 
into the vanous shapes required for the miscellaneous vessels 
and articles which come within his department of construction. 

In addition to these buildings, the store for general supplies 
must not be lost sight of. The term general stores ” includes 
such goods as shovels, picks, rakes, hammers, buckets, brooms, 
brushes, valves, taps, asbestos, glass and earthenware goods, 
and clothing or rubber goods used in special processes or under 
special circumstances. On account of fire risks it is best to 
make the oil store a separate building, isolated from the other 
structures. 

The foregoing remarks as to the arrangement of buildings, 
etc., apply, as will be assumed by the reader, to a works of some 
magnitude. In such a works, the general stores is best placed 
near the office block, as the goods need frequent replenishing, 
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and are so numerous in detail as to require a special storekeeper 
in charge, who will be in touch with the office staff. 

It IS customary for the mechanic’s shop to keep a small 
stock of various fittings, nuts, bolts, files, pipe fittings, such 
as tees, elbows, valves and cocks of small sizes, of which the 
foreman keeps account, so that the different departments are 
charged with renewals and repairs. The general storekeeper 
issues these supplementary stores from time to time. 

The same remark applies, to a certain extent, to the car- 
penter, as regards screws, nails, sandpaper, glue, etc. ; to the 
plumber, for some of the smaller supplies he requires from time 
to time ; and so each tradesman, in his turn, draws from the 
general store to replenish the stock which he keeps in his own 
workshops, as it is obvious that he could not be running to the 
general store whenever he wanted some little article 

The more bulky materials used by the different tradesmen 
are unloaded at their shops or stores, and they should account 
to the general storekeeper for them. 

The bricklayer’s store is mainly an enclosed yard, with the 
exception of a shed for stonng such material as cement, ropes, 
ladders, blocks, tackle, and tools, as most of the materials re- 
quired by the builder are not affected by the weather. 

A plentiful supply of weighing machines are very necessary 
adjuncts to a works dealing with large supplies of materials, and 
will quickly repay their cost. One of these, say a 10-ton weigh- 
bridge, should be placed on the jetty (assuming the goods are 
coming in by water), and another at the entrance to the railway 
siding, while various smaller ones will be required about the 
works. 

It may be that the weighbridge for goods coming in by rail 
can be so situated as to serve for weighing also carts coming in 
by road, but in such a case the weighbridge should have sunk 
rails, so as not to offer any obstruction to a cart being taken on 
to it. The weighbridge on the jetty might in many cases be 
sufficient if of 5 -ton capacity, or even less, as there is not the 
weight of the trucks to take into consideration as on the railway 
weighbridge, the skips for raising the goods probably not weigh- 
ing more than 10 cwt. 

One or more travelling cranes should be provided on the 
wharf, and these should be on rails the same gauge as the rail- 
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way — 4 feet 8^ inches — b6 that, if required, they could be used 
for breakdown emergencies anywhere else on the works, the 
railway being connected up to the wharf. If the site will per- 
mit of it, the wharf should be large enough to accommodate 
two vessels coming alongside, if depending on the tide, as much 
time may be lost where a vessel has to wait for its berth and so 
miss a tide, as well as the important question of demurrage 
arising. 

A light tramway system throughout the works is in most 
cases a very great saving in the transportation of goods from 
one department to another. A 2-ft. gauge light rail, with turn- 
tables at convenient points, is both cheaply and easily installed. 
In some cases an overhead runway system could be used to great 
advantage. 

In most modem factories electricity is now superseding other 
forms of power and lighting, and as electricity lends itself so readily 
to distnbution, the disposition of the power house will be best con- 
sulted as regards its proximity to the point where the fuel can 
most conveniently be unloaded. If the fuel should come in by 
water, then, if the power house is placed close to the wharf, this 
will allow of a gangway branching away from the main wharf, 
and dividing into several bays, on which lines of wagons, of the 
contractor tip pattern, can be run and tipped into the hays 
opposite the boilers. A modern power house will be found fully 
described in Chapter IV., in the design of which the principles 
here advocated are embodied. The clinker and ash from both 
furnaces and boilers are more often than not required for 
road-making in the works themselves, so that we need not take 
into consideration the handling of these residuals in dealing with 
the laying out of a new works 

As regards the electricity mams for the distribution of cur- 
rent, our preference m the case of most chemical works lies in 
the direction of carrying these overhead. 

Workshops. 

In works where the finished products are sent away in drums, 
casks, or boxes, provision will have to be made for the storage 
of these. Where casks are required a cooperage would be neces- 
sary, and if boxes are also required a box-makmg department 
and cooperage could advantageously be organized in conjunction 
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with the carpenter and joiner's shop, and the same saw-mill 
could be utilized for both purposes. A saw-mill suitable for an 
averaged-sized works and capable of turning out the packing 
cases and boxes, and also deahng with the usual routine work of 
repairs and upkeep to other parts of the factory, is described in 
the Appendix. 

Boxes are used in the following trades, amongst others : 
Soap-making, the manufacture of starch, laundry blue, candles, 
explosives, cyanide, disinfectants, dyes, inks, borax, essential oils 
and essences, drugs, camphor, soda, Glauber and Epsom salts. 
In many of these industries the boxes for shipment have to be 
lead-lined, and therefore, after leaving the carpenter's hands, 
are passed on to the plumber, and from him to the packmg 
department. 

In dealing with the subject of workshops we would draw 
attention to the necessity of disposing these in such a manner 
as to ensure safety from fire. With this object the joiner's 
shops and saw-mill should, so far as possible, be kept away 
from the furnaces or power-housa It is within our knowledge 
that a large joiner’s shop in a works of quite recent construction 
is only separated by the width of a roadway from the boilers 
and chimney stack of a very large power plant, the sparks from 
the chimney of which have been seen by us to fall on the roof of 
the joiner’s shop. 

The same consideration should place stores containing in- 
flammable material safely away from furnaces or from positions 
where sparks from a chimney could reach them. 

If locomotives are used about the works, a spark arrester is 
generally fitted to the chimneys of these. In April, 1909, a 
fire occurred at Port Sunlight, resulting, as supposed, from a 
spark from a locomotive engine falling upon some resm barrels 
stored in stacks in one of the “ resin fields The damage was 
estimated at about £6000. In our own experience a quantity 
of nitre bags that had been put out to dry, although a long 
way from the railway, were set on fire by a falling spark from 
an engine. 


The Deainage System. 

In our first chapter, in dealing with the selection of a site 
for a new works, we have already spoken of the extreme im- 
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portance of a good drainage system in the laying out of a factory. 
We may now indicate at greater length some of tbe points to 
be kept in view when dealing with this important question. 

The best position for the main drain is in the centre of the 
main road or roads, according to the extent of the works. The 
intercepting drams leading to the main should be laid with a 
good inclination, and never at right angles to the main drain. 
No inclination less than 1 inch in 10 feet should be given to 
any of the drains. Where the depth of the main drain permits 
of considerable fall, the drains, or the general trend of them, 
should be given the full benefit of the fall by a gradual inclinar^ 
tion to the mam. A vertical drop is bad in many ways, as the 
sudden flush caused by an unusually heavy downpour of rain 
will often carry a heavy deposit, which, precipitated through a 
vertical shaft, will tend to block up the outlet. Serious stop- 
pages in a branch system can frequently be traced to this bad 
arrangement of connecting the smaller drams to the mains. 
All bends in the drams should be easy. 

Joints of cement or clay made m the laying of drain-pipes 
are apt to squeeze through at the joints, and care should be 
taken, as each joint is made, to leave the pipes quite clear of 
any obstruction of this nature. Too much attention cannot be 
given to the laying of dram pipes The careless manner in 
which drains are so often laid called forth the remark of a well- 
known architect that the laying of drain pipes in many cases 
would be more properly described as burying them. The pipes 
should be selected for their perfect glazing, soundness and 
hardness of material, and the spigot and faucet ends should be 
well shaped. 

Manholes should be placed at suitable places, and inspection 
boxes should be provided at every junction. 

Foundations. 

With regard to the foundations of buildings, much will 
depend on the nature of the structure and the weight to be 
carried. In the case of many of the lighter buildings, if the 
ground is of good, sound substance, it would be sufficient to cut 
the trenches and ram well with heavy rammers previous to 
putting m the brick footings, but in all cases where any con- 
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siderable weight is to be carried, or where any tall structure is 
to be erected, a good concrete foundation should be provided, 
after well ramming the excavated site. 

In the case of inequality in levels of ground, where footings 
have to be cut in shelves it is well to bring the concrete foun- 
dations up to one common level before commencing the brick- 
work footings, in this way minimising the unequal settlement 
which is often caused by the shrinkage of the mortar joints 
when carried up at different levels. 

Water should not be allowed to remain in foundation 
trenches ; it is very essential that they should be kept dry, as good 
work largely depends on this. If by anychance mud has collected 
in the bottom of a trench, it should be removed before putting in 
the foundations. A good deal of trouble through unequal settle- 
ment can be traced to the brickwork footings being allowed to 
get saturated with water in the trenches. 

Where concrete foundations are put in, they should be not 
less than 6 inches wider on each side than the bottom course 
of footings. Concrete laid on a previous day should be well 
wetted before another layer is added to it. 

Retaining Walls. 

In order to prevent the lateral shifting of the ground in such 
oases where there is a great dilBference between the levels, it will 
be found necessary to build retaining walls Before actually 
commencing any buildings, trial pits should be dug at different 
points of the ground to test its nature, as this may affect the 
disposition of the buildings As the result of these trials it may 
be found advisable to place such a building as a chimney-stack, 
for instance, in a different situation from that originally con- 
templated, as a better foundation may thus be secured than 
would be the case if this precautionary measure were not taken, 
and we would strongly advise a fresh disposition of buildings 
or plant in preference to usmg piles for securing an adequate 
foundation. 


Fire Station and Appliances. 

Any large works is now considered quite incomplete without 
its fire station" and appliances, and in laying out the water mams 
hydrants should be placed at different points, with reels of hose 
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in suitable boxes, which, should be readily accessible at the 
shortest notice, and so arranged that they can immediately be 
brought into play. 

All large works should be equipped with a portable steam 
fire-engine, and the works staff should be organized as a fire 
brigade, with officers whose duty it should be to drill the men 
regularly and efficiently, prizes being offered for efficiency and 
smartness m turning out 

A very suitable engine for use in large chemical works is 
Merryweather's improved double-cylinder “Greenwich” steam 



Fig. 1 — “Greenwich” Steam Fire Engine. 
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fire-engine, which, as shown in Fig. 1, is used by Messrs. 
Bmnner, Mond & Co., and some details of its construction are 
here given. 

The increasing demand for powerful steam fire-engines of 
light weight has caused Messrs. Merryweather to develop their 
well-known double-cylinder engine, and to adapt it to run at 
high speeds. Although a slow-speed engine with a long stroke 
has many advantages, it is manifestly incapable of competing 
VTith a high-speed engine in the matter of lightness. Keeping 
this in view, the makers have constructed the “Greenwich” 
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engine, which, while retaining most of the best features of their 
old double engines, combines such novelties and improvements 
as to render it possible to obtain the same amount of work 
with a reduction of more than 20 per cent m weight, and 
without in any way sacrificing strength or durabihty. The 
“ Greenwich ” engine is built on the same pnnciple as the 
“Metropolitan” (London Brigade) engine, but has double 
cylinders and pumps, and delivers more than twice the quantity 
of water per minute, whilst weighing only a few hundredweights 
more, as various mechanical improvements have been introduced 
into its construction. 

In the new pattern engine, the makers have aimed at secur- 
ing maximum power with minimum weight, consistent with 
strength and durability. They have also brought to bear their 
long experience in fire-engine manufacture in perfecting the 
other parts that enter into the construction of a steam fire- 
engine, including quick steam-raising of boiler, general con- 
venience of engine for working, accessibility for repairs, dura- 
bility, strength and security, and elegance of appearance and 
finish. 

The supenority of the “ Greenwich” engine for heavy work 
is not maintained merely because of its quick-steaming pro- 
perties and remarkable pumping capabilities, but also on 
account of the exceedingly high water pressure maintained 
continuously whilst the engine is worked. This is an all im- 
portant test of efficiency. 

The engine is constructed entirely mdependent of the frame- 
work, and IB complete m itself. The frame also carries (a) 
Driving seat, and seats for firemen if required ; {b) a com- 
modious iron hose bunker, attached to the front of the frame, 
or large hose and implement box ; (c) brackets for suction pipe ; 
(d) bunkers for coal ; (e) wrought-iron fore-carriage of neat and 
strong design , ( f) strong wrought-iron axles, with high wood- 
spoke wheels for rapid travelling. 

The boiler is of the type known as Merry weather’s patent quick 
steam-raising boiler. Its various special features may be sum- 
manzed as follows . It is stoked from behind, and can therefore 
be fired whilst the engine is en route to a fire ; steam can be raised 
from cold water in three minutes from lighting the fire, and to 
100 lb. pressure in from six to eight minutes, according to the 
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quantity of water in boiler, and other circumstances ; it main- 
tains steam to full working power continuously, being of ample 
capacity, even when a common class of coal is used; for ex- 
amination or repairs the fire-box and tubes complete may be 
dropped away from the shell by removing the bolts round the 
angle-iron joint rings. The tubes are always full of water, and 
the crown-plate is covered at whatever inclination the engine may 
be worked. The boiler is separate from the engine, and is not 



Fig. 2. — The “Greenwich Mannal”. 


subject to the working strain. The special design of the boiler 
renders it less liable to prime than some other makes The boiler 
is made specially strong ; it is lagged with highly polished sheet 
brass, and is provided with all the necessary fittings, safety valves, 
blow-off cocks gauge glasses, patent injector and feed tank, to- 
gether with coal bunkers behind, with afoot-plate between for men. 

A. useful manual engine, the Greenwich Manual,*’ is shown 
in Fig. 2. 
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Very frequently it would be found advantageous, if not, in- 
deed, rendered absolutely necessary by the exigencies of space, 
to utilize the boiler pump in combination with other ap- 
paratus for fire extinguishing. In any case the utility of such 
an arrangement is at once apparent Such a plant (shown in 



Fig. 3.— Midland Railway Patent Fire and Boiler Feed Pump. 


!Pig. 3) has been designed by Messrs. Merry weather, and com- 
bines a feed-pump for the boiler, and, when occasion demands 
it, a reliable fire-extinguishing apparatus. The fire-pump may 
be connected with indoor and outdoor hydrants, and will deal 
effectively with any supply up to 500 or 600 gallons per minute. 
This engine is composed of a 16-inch steam cylinder, which is 
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inverted over the fire pump, and is \0 inches in diameter, witl^. 
a stroke of 8 inches, and the steam iiS cr6iw^ed'4o- the 
cylinder by a cast-iron distance piece, upon 
crossheads work on guides. One of the crossheads is connected 
to the manganese-bronze pump-rod, and the other by a steel rod 
to the steam piston There are also a connecting-rod with 
gun-metal end, and fly-wheel and crank shaft. The pump is 
double-acting, made of cast-iron, with gun-metal plunger plates, 
valve-seats and liner. The valves are specially designed for fire- 
engines, of india-rubber with backs of gun-metal, arranged under 
two covers, so that ready and direct access to them is assured. 
There is also fitted to the pump an automatic relief valve,, 
whereby, with the pump working, the sudden effects of the 
closing of hydrants or outlets may be met When used as a feed 
pump the disengaging gear stops the fire-engine. The capacity 
of the feed pump, which is of 4-inch diameter with 8-mch 
stroke, is ample for the requirements of a 200 horse-power 
boiler working at a pressure of 180 lb , and is made of cast-iron,, 
with hot-water valves, bronze piston-rod and gun-metal hner. 
The pump is fixed on an angle bracket, which is cast on the 
distance piece of the engine, and driven direct from the upper 
crosshead. The whole pump may be removed quite separately 
when required. 

If the feed-pump only is being used the steam is supplied to 
the engine by means of an automatic pressure-reducing valve, 
an obvious economy. For a minor outbreak of fire a small 
supply may be obtained direct from the feed-pump without 
necessitating the coupling of the main pump. All the various- 
parts of the pump may be interchanged with any other similar, 
and all necessary fittings will be found included. 

Fig 4 shows a complete system of fire protection as adopted 
by a large establishment in Scotland, and carried out by Messrs- 
Merryweather 

The supply of water consists of a mill-dam at a considerable 
elevation above the yard, communicating by means of a 27-mch 
pipe with an open mill-race at the opposite end of the premises. 
As the 27-inch pipe could always be depended upon for supply, 
It was decided to connect the suction pipe of a stationary fire 
pump to this, and to lead cast-iron mams from the pump to the 
various parts of the premises. The pump selected was one of 

i023 £€o 
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Merry weather’s direct-acting long-stroke pumps, with a steam 
cylinder 12-mch diameter, and pump 7-i-inch diameter, with 
a stroke of 2 feet. The pump barrel, valves, and seatings are 
of gun-metal. The pump is fitted with capacious copper air 




vessels, pressure gauge, sluice valves, etc., and is fixed in an 
engine-house contiguous to the boilers supplying the powerful 
engine of the miD. Steam is used at a pressure of 60 lb. per 
square inch, when the maximum work is obtained from the fire- 
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engine, but it may be started with steam pressure as low as 
20 lb., which pressure is always a7ailable in one of the boilers. 
The pump is also connected to a large tank placed on the top of 
the building, so that in the remote contingency of there being 
insufficient steam in any of the boilers to start the pumping 
engine, the mams could be charged and an efficient jet thrown 
from any but the highest hydrants during the time the steam 
was being raised. 

Leaving the pump, the delivery mam is carried in a straight 
hne to the extreme end of the yard, and is fitted with three 
ground hydrants to protect the offices, gasworks, etc. A branch 
IB carried into the mill and up a staircase between two blocks of 
buildings, each about 120 feet long, one having two stories and 
the other three stones and attics. As the processes in this de^ 
partment are carried on with a considerable amount of moisture, 
both in the atmosphere and the material, there is no great danger 
of a rapid spread of fire. The hydrants on each floor of the 
staircase were, therefore, considered sufficient to protect both 
buildings. Another branch is carried under the mill to the back- 
yard, around which the most hazardous buildings are placed. 
Hydrants are placed on each floor on the staircase, as it was 
considered that no one would attempt to use the hose in case of 
need unless a safe and ready retreat was provided. The store 
adjoining contains the valuable stock of raw material, and this 
is protected on two sides by a hydrant m the mill avenue, and 
another in the yard. Facing the mill is the mechanic’s shop 
and a room which is most liable to accident of any of the build- 
ings, as stones or other foreign matter occasionally pass into the 
machines. This building is protected by a hydrant in the yard, 
and as a further precaution small hoses are always connected 
behind each machine for immediate use in case of accident. A 
hose cupboard is placed against the wall near each underground 
hydrant, containing stand-pipe, hose, branch-pipe, hydrant key 
and hose wrenches, and above each inside fire valve the hose 
and appliances are hung upon boards, so that they are always in 
sight and easily accessible. At a trial of the apparatus a jet was 
thrown considerably above the highest part of the mill, and four 
jets were thrown simultaneously. 

Fig. 4 shows a plan of the buildings, the suction-pipe for 
the steam fire-engine being carried from the mill-race to engine, 
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and the black lines shown being the fire mam pipe. The num- 
bered dots on mam are underground hydrants. 

Kg. 6 shows a very useful hose cupboard intended for fix- 
ing against a wall near an underground hydrant. It is made 









Fia 6. — Hose Cupboard, 

specially strong for outdoor use. It will contain four lengths of 
hose, standpipe, two branch^pipes, nozzles, hose and nozzle 
wrenches, etc. Two glass doors are fitted with good lever lock 

and two keys. At the 
aide IS fitted a small box 
with glass, to contain one 
key, BO that, should a fire 
occur, any one can break 
the glass, get the key, 
and open the cupboard to 
obtain the necessary hose, 
etc. The other key is 
kept by some responsible 
person connected with the 
establishment. Similar 
cupboards are also used 

inside the buildings, being 
Fia.6.-HoBe Cupboaid with Pillar Hydiant. corridors, 

and on staircases near hydrants, and^ are made in each case 
to suit premises, and of material and size required. Fig 6 
shows a similar cupboard to Fig. 5, but designed to contain 
pillar hydrant, as well as hose and fittings. This can also be 
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fitted in or out of doors, and has key box with glass side as 
described above. It has a single glass door, lock, keys, and 
the necessary hooks, etc., to carry hose, branch-pipe, nozzle, 
wrenches, etc. 



Fig 7. — Messrs. Crosfielcl & Sons’ Fire Brigade with Engines, and Escapes 

Manned. 


The two steam fire-engines, made by Messrs. Shand, Mason 
& Co., of London, are continually kept under steam, being con- 
nected with the works steam mam. The large steamer is 
adapted either for works or outside fires ; it is provided with a 
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6-iach instantaneous suction, has five instantaneous coupling 
deliveries, and is capable of pumping 750 gallons of water per 
minute. It is also fitted with quick-hitching harness, and carries 
first-aid requirements, including a folding stretcher. 

The small steamer is fitted with a fixed 4-inch suction, and 
has a delivery of 350 gallons per minute. This engine may be 
run out by hand. Both engines use oil fuel, 

Messrs. Joseph Crosfield & Sons, at Warrington, have or- 
ganized an excellent works fire brigade, consisting of thirty-six 
officers and men. The training of the brigade is of the most 
comprehensive character, and is continually revised to be in 
accordance with the most modern practice Drills are held 
weekly, and comprise wet drills, hose running, ladder and 
escape practice, Pompier scaling drill, and knotting and life- 
saving work. In addition to the general equipment of the 
fire station, which consists of two steamers, two escapes, smoke 
helmet eqmpment, hose carts, electric fire alarms, automatic 
fire indicators, etc., each department in the works has its own 
apparatus, each piece of apparatus having a man in charge, 
who keeps it in order and uses it in case of fire. The brigade 
attends outside fires when requested, charging the ordinary 
fire-brigade rates. 

Many visitors to Messrs. Crosfield’s works have seen this 
•efficient brigade turned out. The engines, with escapes manned, 
js shown m Fig. 7. 

Ambulance Arbangbments, eto. 

Accidents of varying degrees of seriousness are inevitable in 
any large works, and it is becoming more general to make pro- 
vision for dealing efficiently with these unfortunate occurrences 
The most enterprising firms in the chemical and alhed in- 
dustries have during recent years shown an increasing solicitude 
for the welfare of their workpeople in this respect, and this 
policy has been found advantageous both to the employer and 
employees. Prompt and adequate attention to injuries fre- 
quently results in reducing the seventy of the mishap. The 
rendering of first aid on the spot will m many cases do much to 
reduce the liability for compensation, but m any large works 
where the employees are numerous, it is necessary, in order to 
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secure the advantages resulting from prompt treatment, to 
organize an efficient system of dealing with accidents. 

In the most up-to-date factories, great care is now taken in 
dealing with this important question. The necessity for the 
reporting of accidents of any degree of seriousness is alone 
ample reason for the extreme care which is now bemg shown in 
such large works as those of Messrs. Brunner, Mond & Co., Ltd., 
or Messrs. Lever Brothers, Ltd , for instance. Both these firms 
have established works’ surgeries; at Port Sunlight there are 
no fewer than six of these, fitted with all necessary appliances, 
^liere efficient first aid is given. Messrs. Brunner, Mond & Co., 
Ltd., require their men to go to the works' surgery to have even 
the slightest abrasion of the skin properly cleansed and pro- 
tected. This is one of the rules of service with the company, 
and the result is that many cases of blood poisoning have thus 
been prevented It would undoubtedly be well if many em- 
ployers, who at present have no such careful system of dealing 
with shght injuries, would follow the example of the gi'eat 
North wich firm. The value of such a procedure is amply proved 
by the fact that the total cost for compensation in Messrs* 
Brunner, Mond & Co.’s works is under 3s. 2d. per £100 of 
the wages paid 

At Port Sunlight, in addition to the six works’ surgeries, 
there are eight ambulance stations in convenient positions in 
the varioiis departments, each of which is well equipped for 
dealing with accidents. First-aid boxes are ready in all the 
surgeries and ambulance stations, and here also are posted lists 
of workpeople qualified to use the first-aid boxes. Cuts and 
scratches are dealt with by the ambulance staff in the surgeries. 
There are always at hand m every department workpeople able 
to render first aid, while a resident doctor is available for the 
treatment of serious cases. Some system based on the experi- 
ence of such works as those mentioned might easily be adopted 
in all large estabhshments. 

At Port Sunlight an Accident Committee is formed from 
representatives of the workpeople, careful rules have been drawn 
up, and these provide for investigation of accidents. According 
to Eule n. the principal duties of each committee shall be : (a) 
To promptly and fully inquire into and report to the company 
upon any personal accident, happening in the division (of the 
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works) represented by the committee, which prevents the injured 
person from following his or her usual occupation for at least 
SIX working days after the accident, and the cause of the same, 
and to make recommendations so as, if possible, to prevent the 
repetition of such accidents The committee shall have power 
to visit the site, make full inspection, hear witnesses, and gener- 
ally investigate all the circumstances connected with the acci- 
dent. (6) When specially requested by the company to do 
so, to recommend the compensation (if any) to be offered to 
any injured person or persons. It is not sought to bind such 
person or persons to accept such compensation, (c) To nomi- 
nate quarterly two members of the committee, who, along 
with the divisional manager and a foreman nominated by the 
company, shall make periodical inspections of the division, point 
out defects (if any), and make recommendations calculated to* 
prevent accidents of any kind. 

Messrs. Crosfield & Sons have an Ambulance Brigade, thirty- 
three strong, of whom three served through the South Afncan 
War ; all are in possession of the medallion ; twenty -nine are in 
possession of the St. John’s Ambulance Association Label, and 
twenty hold efficiency badges ; twelve are members of the Eoyal 
Naval Auxihary Sick Berth Reserve, which serves to recruit the 
Naval Sick Berth ; eleven belong to the Mihtary Home Hos- 
pitals Reserve, which serves as a reserve to the Army Medical 
Staff. Men on passing their third year are given uniform. 
There are eight stations in the works where first aid can be 
given, and in each centre are posted the names of the men of 
the brigade in their section. To still further assist recognition 
badges are worn by these men. 

The central ambulance station, situated near the main 
chemical laboratories, is in charge of a qualified man. The 
equipment consists of stretchers, splints, chairs, tables, hot and 
cold water, bandages, Imt, carbolized water, alcoholic ferric 
chloride, carron oil, olive oil, picric acid, solution of bicarbonate 
of soda, etc. The sub-stations are furnished with lint, bandages,, 
carbolized water, carron oil, olive oil, picric acid, plaster, wash 
bowl, sponge, and scissors. 

At the main station a record is kept of all cases treated 
throughout the works, and each month these are classified 
under the heads of nature, cause, and where occurring. These 
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unalyses are sent to the departmental managers to enable them 
to prevent a recurrence, or at least to minimize the chances of 
a recurrence. All lads and men are encouraged, by free lectures 
from qualified medical men, to learn ambulance work, and one 
hour per week is allowed out of the firm’s time for ambulance 
practice. To further stimulate interest a Crosfield Division of 
the Warrington Corps of the St. John Ambulance Brigade was 
formed in 1906, the members being required to put in a certain 
number of drills to keep them efficient in ambulance work. The 
following IS taken from the annual report, after inspection, for 
the past four years. 1907 Considering the short notice of the 
inspection I consider the parade and work perfectly satisfactory. 
1908 : A very smart Division 1909 • This Division appears to 
be in a high state of efficiency. 1910 : The drill, both foot and 
stretchers, was very smartly performed, and the application of 
splints and bandages showed the men had a thorough knowledge 
of the work. I consider the Division is efficient ” 

The men are also encouraged to form teams to compete for 
ambulance prizes at Open Ambulance Tournaments. The Am- 
bulance Division attends duty at the Athletic Sports or other 
public functions when required During the winter instruction 
is given in first-aid to new classes by the honorary surgeon. 
Lectures on ambulance work and sick nursing, with practical 
work, have been given to the girls also, and have been well 
attended. 

Eleven years ago the firm gave a challenge shield to be 
competed for by all corps m the No. 4 District of the St. John 
Ambulance Brigade. Colonel Trimble, V.D, M.D., C.M.G., 
the deputy-commissioner, states that this shield has stimulated, 
in no small degree, the interest in ambulance work in the North 
of England. 



CHAPTEE IV. 

THE POWER HOUSE 

Taking a medinni'Sized works, where a battery of half a dozen 
boilers of Lancashire type, measuring 30 feet long by 8 feet 
diameter, is installed, and assuming that the factory is of such 
a nature as to require continuous working, an arrangement 
similar to that shown in the drawing (Plate I.) would be very 
suitable. Here it will be seen that the coal bunkers are arranged 
directly opposite the main battery of boilers, so that we have 
three separate longitudinal bins with gangways dividing them, 
on which a light tramway suitable for tipping wagons may run. 
The coal can be tipped from these wagons from either side of 
the gangways into the bins, which are readily accessible to the 
stokers engaged on the boilers It will be noted that we are not 
describmg a plant in which the latest type of elevators and 
conveyors are used, as it is only where the largest and most 
extensive works are concerned that plant of this type, with 
overhead bunkers and automatic feeds, caiU be economically 
employed, the heavy initial capital expenditure placing such 
elaborate plant out of the reach of the average manufacturer. 

Whatever the size of the plant may be, it is desirable that 
the coal-store should be covered over. Ample space should be 
given from the face of the boilers to the commencement of the 
coal bunkers, so as to enable free use for the tools used for 
stoking and clinkenng, as well as leaving a clear way in front 
of the boilers for conveying the ashes to one end of the boiler- 
house, where an elevator could be placed for disposing of these 
The space between the face of the boilers and the bunkers 
should not be less than 12 feet, and we prefer even more, say, 
15 feet, this giving ample room for a covered trench in front of 
the boilers for blow-off pipe connections. 

(38) 
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Possible future extensions as regards the boiler-house, in 
common with other buildings, must be kept in view, and a 
suggestion for future extensions is shown here in dotted lines. 
It will of course be obvious that there are many ways of effect- 
ing the same object. The one shown would make a good 
arrangement 

Where more than two boilers are employed, of the size 
mentioned, it is always economical to put in an economizer, 
with provision for adding a further one as circumstances de- 
mand, when increasing the number of boilers. 

With this object in view the flue at the back of the boilers 
can be so arranged as to run parallel with the flue over which 
the economizers are placed, with dampers in suitable positions, so 
that the flue gases from the boilers can be worked through the 
one flue direct to the chimney, or, by operating the dampers, 
can pass through the economizer flue before their final exit to 
the chimney. 

Eevolving vertical dampers on the main flue are always to 
be preferred to the sliding type, as being less likely to get out of 
order. 

The nature of the works will decide whether an independent 
chimney-stack is built for the power house, or whether one 
mam works stack is made to serve for power house and for all 
other flues or furnaces m the works. Where the works are 
sufficiently large to warrant the expenditure, it is preferable to 
provide independent stacks, but here, again, possible extension 
of plant must be kept in mind in proportioning the size of the 
stack. In any case, the chimney-stack should be a separate 
structure, and not be built on to any other building Disastrous 
consequences have resulted from this latter practice in several 
cases, caused by unequal settlement between a much hghter 
building being attached to a heavy chimney-stack 

A lightning conductor should be attached to the stack, with 
one or more points 

Where the arrangement of the chimney is such as to have two 
flues entering at opposite sides, the one flue, say, taking the 
gases from one battery of boilers and the other serving another 
battery of boilers or furnaces, as the case may be, it is customary 
to build a mid-feather wall for some 20 feet or 30 feet high inside 
the chimney, in order to prevent the gases from the two sources 
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from baffling one another, which would happen if this mid- 
feather were to be left out. 

The foundations for the chimney-stack require to be very 
carefully put in, owing to the great weight to be carried, and in 
carrying up the several courses of bnckwork strict supervision 
should be maintained, to ensure that in no case should any catch- 
ing up of the level be attempted by introducing bricks on edge 
or a thicker quality of brick or joints. The thickness of the 
bricks and joints should be kept uniform throughout. Except 
in chimneys of very large diameter it is necessary to have the 
bricks made in special moulds to suit the radius of the chimney 
in question, as to build a chimney with square bricks would 
involve very large joints, and the work should proceed with 
not less than one course of headers to every five courses of 
stretchers. 

The chimney shown m the drawing is a very good example 
of a suitable works chimney, and it will be noticed how the 
brickwork gradually diminishes towards the top by offsets at 
distances of every 25 feet in height. Whether the chimney is 
finished off with an iron cap or stone or a vitrefied cap or stone 
depends to a great extent on the nature of the gases to be dealt 
with, and as to whether these would affect the capping 

Eeverting to the boiler-house, the beat type of roof is boarded 
and slated, with a louvre running the whole length. A double- 
span roof is shown in the drawing, and any extension could be 
carried on in the same way The drawings show the setting 
of the boilers and general arrangement of the steam-pipes and 
run-off pipes connected with the blow-off from each boiler. 

When a boiler has been blown out or let down for cleaning 
or repairs, provision must be made for refilhng ; for this purpose, 
directly over the man-hole of each boiler, and transverse to them, 
is arranged a line of water-pipe with a short connection, so that 
any boiler can be easily and quickly filled from this source. Of 
course the usual supply to the boiler when under steam is 
through the feed valves on the boiler front plate. 

Where the quantity of water evaporated is taken account of, 
a water meter should be connected to the pumps feeding the 
boilers. 

The feed pump or pumps for the boilers is preferably placed 
in an adjunct to the boiler-house^ so that the working parts may 
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be kept free from the dust which inevitably rises during stoking 
and clmkering operations. 

Touching upon the boiler setting, special blocks upon which 
the boilers rest are made by several well-known firms, between 
which it would be invidious to make a distinction, but in our 
•own practice we have used the Poulton form of block, and have 
found it to be admirably suited for this purpose. These blocks 
.are made in two sizes, to suit the width of side flue used. As 
in all fire-brick construction, care must be taken that all the fire- 
•clay joints are as thin as possible and carefully made, and that 
the setting should not permit of any air being drawn into the 
flues from the outside, through the brickwork. 

The main steam-pipe connecting the boilers should have 
■expansion joints at suitable distances, and all pipes, and also the 
tops of the boilers, should have a good covering of non-conduct- 
ing material. Here, again, the choice of such material is large, 
and the different kinds are almost too numerous to mention. 

Apart from the benefit to be derived from the installation of 
economizers, a water-heater taking the waste steam from the 
-engme or engines is recommended, and room for this can be 
found in the same house with the pumps , in some oases it is 
found convenient to place the heater over the top of the mam 
flue at the back of the boilers. 

Most of the makers of economizers prefer the feed-water not 
ito enter them cold but pass through a feed-water heater first 
Where this is not done Green’s system is to take a small pipe 
from the economizer to a pump which draws a small quantity 
•of the heated water from the economizer and mixes it with the 
•cold water, which is again fed into the economizer, thus making 
the economizer heat its own feed-water;. 

Although in modern works testing of the flue-gases is earned 
un at frequent intervals, still, the more common practice of 
watching the exits from the chimney, as the smoke inspector 
naturally does, for black smoke, makes it necessary that the 
stokers should always have the chimney-top in view, and this 
may be obtained by a skylight placed at such a position in the 
roof of each of the bays over the boilers as to effect this. 

The engine-house may be built on to the boiler-house, or it 
may be a separate building, if thought advisable. Taking future 
^extensions into consideration, a separate building would prob- 
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ably lend itself better for the carrying out of such extensions, 
and again, such outside conditions as possible condensing towers, 
or reservoir of feed-water for the boilers, might influence the 
design as to the separation of the power-house, or otherwise. 

The engine-house we have in imnd is more suitable for el- 
works where electricity is employed mainly for driving the 
various machinery and plant, and provision should be made for 
an overhead traveller, running the whole length of the house, in 
order to quickly deal with any part of the plant in case of re- 
moval or repairs, and the door at the end should be sufficiently 
large, when fully opened, to admit of the passage of the largest 
piece of plant, be it engine or motor, that would be located in 
this house, and a smaller doorway framed within the larger one 
for ordinary use. 

Whether the engine-house is separated from the boiler-house 
or not, ready access must be provided between the two, as the 
one IS dependent so largely on the other. 

A duplicate system of steam-pipes from boilers to engine- 
house is to be recommended as a safeguard against breakdown. 
It is preferable to place the floor of the engine-house above the 
ordinary ground level, so that the cables from the motors can be 
carried in suitable channels below the floor of the house to the 
switch-board. 

Taking all things into consideration, we think it is desirable, 
as regards the engine-house, to contemplate a possible duplica- 
tion of plant, and to make the building sufficiently large to 
accommodate this in the first case, as such a provision will 
probably meet all future requirements. It will be apparent, on 
careful consideration, that to provide room for a duplicate set of 
engines and motors would be nothing comparable with the ex- 
tent of room and accommodation required for a duplicate set of 
boilers, and it is therefore worth while to build the engine-house- 
sufficiently large to meet future requirements. 

All valves, whether on pipes, boilers, or other plant, should 
be readily accessible, and permanent means for reaching them 
arranged in the case of those that are out of hand reach, to- 
obviate the necessity of running for a ladder when sudden need 
arises for operating any of them. 

Valves . — All valves belonging to mam water supphes, gas. 
supplies, and steam supplies, and also fuses of electric mams,. 
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should be drawn out m a diagrammatic plan, with descriptions 
attached, and hung up in the time-keeper’s office, so that in 
case of accident the valves shutting off different departments 
can be readily located and the particular section isolated. 

Flues, eto, — Again, considerable importance should be attached 
to the disposition of flues, drams, and sewers underground, as- 
these are often lost sight of. Plans of them should be kept, 
and any alterations should be recorded on these plans, in order 
to keep these up to date. Such procedure will .'frequently save 
much time and labour. 

Automatic Stokers — In speaking of the boilers, although we 
have not described mechanical stoking, a combination is often 
found to be an advantage, by having the fire-bars actuated by 
a cam motion which helps considerably to keep the bars from 
clmkering. 

Steam Baising , — It must be borne in mind that the modern- 
practice in steam raising is to use much higher steam pressures 
than was formerly the case. Pressures of 200 lbs and upwards 
are now very common, and it is recognized that it is far more 
economical to raise steam at a high pressure than at a low 
pressure, and to use reducing valves to such plant as requires a 
lower pressure than that generated at the boilers. 

A great many advocates in steam practice are to be found 
for superheating steam, and where this has to be carried to- 
plant at long distances from the boilers, and where a great deal 
of condensation would naturally take place between the points of 
generation and application, the question of superheating deserves, 
attention. Highly superheated steam is said to affect the surface 
of cast-iron, pitting taking place where the superheating has been 
carried to excess, but this has been chiefly noticeable in the faces 
of the valves of engines where superheated steam has been used. 

Where high pressure is employed, the steam-pipes generally 
used now are steel-flanged pipes, and vulcanite packing rings 
form the best joints. Rubber is soon vulcanized and perishes 
where high temperature exists. Next to vulcanite, millboard 
or asbestos sheet, or thin gauze copper rings with a little red 
lead coated on them, form a good joint. 

Where it is frequently necessary to break a joint, this is 
facilitated by giving the millboard or asbestos joint a coating of 
blacklead. 
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As a safeguard against gas explosions in tlie boiler flues, it 
is advisable that a 2-inoh hole should be bored through the 
upper part of the dampers to allow unburned gases to pass 
though. 

During recent years forced draught has come into use to a 
•very great extent, especially where an inferior class of fuel is 
-burned, or where the natural draught is not sufficient. 



Fig. 8. — Green’s Economizer Front Elevation 

The Eoonomizeb. 

It is well known to all steam-users that in the generation of 
steam the principal source of waste is the loss of heat by the 
'chimuey ; this loss, even under the most favourable conditions, 
IS much in excess of what is necessary to provide the requisite 
•chimney-draught The utilization of this surplus heat, for 
heating up the boiler-feed water, is best effected by Green’s 
teconomizer, and we are indebted to the makers, Messrs. E. 
Green & Son, Ltd., of Wakefield, for the illustrations, Figs. 8, 
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9 and 10 here given, which clearly show the construction of the 
apparatus. 



Fig. 9. — Green’s Economizer 'Ground Plan Showing Soot Pit. 



Fig 10. Green’s Economizer * Oross-section through Economizer Chamber. 

The hot gases pass through the economizer chamber to the 
chimney, and the difference m temperature between entering 
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and leaving is to a great extent absorbed by the apparatus and 
imparted to the feed water, which enters the boilers at a high 
temperature. The boiler power is thus augmented and a 
uniform and easy rate of steaming maintained, while a reserve 



Fig. 11. — “ Sentinel Junior” Simple Steam Engine, by Alley & MaoLellan, Ltd. 


•of hot water at from 200 to 300 degrees Fahr. is always avail- 
able. This latter pomt is of special value wherever a large 
quantity of hot water is necessary for process operations. 

Heating the feed water by means of an economizer is not 
tonly a direct advantage on account of the saving in fuel, but it 
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prevents damage to the boiler by unequal expansion and con- 
traction, which always occurs when the feed water is introduced 
cold. Green’s economizer is too well known to require recom- 
mendation here ; no modern boiler plant is considered complete 
without it. All parts are strictly interchangeable 

The economizer consists of a senes of cast-iron tubes, 9 feet in 
length by inches in diameter. These are arranged in sections 



Fig. 12 — ** Sentinel Junior ” Steam Engine, by Alley & MaoLellan, Ltd. 
(Sectional Drawing). 


of various widths, across the main flue, between boilers and 
chimney. When in position the sections are connected by 
branch pipes. The -waste gases are led to the economizers by 
the ordinary flue from the boilers to chimney, and the feed 
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water is forced into the economizer by a boiler pump or injector. 
Each tube is encircled by a set of scrapers which keep the tubes 
free from soot, the scrapers being worked from convenient shaft- 
ing or a small independent motor. Easy access is provided to 
all parts of the apparatus inside the flue. 

In the installation of new steam-raising plant ample room 
should be provided for extension of the economizer apparatus, 



Eia. 13. — “ Sentinel Junior ” Steam Engine, Showing Aoceasibility of Partri 

and if the apparatus is not put down with the boiler plant in 
the first instance, space should be provided for its subsequent 
installation. 

Steam Engines. 

Of the importance of the steam engine in the scheme of 
power supply to any works, large or small, it is unnecessary to 
write at any length , tlie question of selection of plant is the 
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point to be considered here. Fig. 11 shows a type of engine, 
the “ Sentinel Junior,” made by Messrs. Alley ^ MacLellan, 
Limited, of Glasgow, which is suitable where small units are 
required, and which, while highly economical, is thoroughly 
well made, free from complication, very solid and strong, and 



Fig. 14. — “ Sentinel Junior ” Fan Engine. 

moderate in price. These engines are very useful for small 
lighting and power generators, fans for boiler draught and 
ventilation, centrifugal pumps, small factories and works, and 
for use with compressed air. 

In the planning of these engines the makers have embodied 
a unique experience in engine manufacture, and their reputation 
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I that no hesitatioii need be felt in adopting ^the Sen- 
'^ior Close steam consumption is guaranteed on every 
I upkeep is extremely small, and the engines are fully 
lO in oiling and greasing ; all working parts are en- 



closed, and, for the purposes indicated, they may safely be 
regarded as eminently suitable. 

It generally pays to use “ Sentinel Junior ” tandem com- 
pound engines for pressures above 100 lb. per square inch when 
exhausting to atmosphere and for pressures above 80_lb. when 
exhausting to a condenser. 

Fig. 12 shows clearly the construction of the simple type 


15 Sentinel ” Compound Double- Actmg Steam Engme. 
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of this engine. In the tandem compounded form the high- 
pressure cylinder and its gear are placed above the steam 
cylinder shown in Pig. 11, which then becomes the low-pres- 
sure cylinder. 

This type of enclosed engine is much supenor to many of 
the wasteful open types, but although possessing all the ad- 
vantages of the best make of enclosed engine, all the bearings 



Fig. 16. — 860 Horse-power “ Sentinel ” Triple-Expansion Steam Engine. 

and glands are readily accessible, as is shown by Pig. 13. The 
makers strongly warn users against the temptation to speeding- 
up an enclosed engine, especially when direct driving a dynamo. 
The stresses increase as the square of the revolutions ; hence in 
an engine running at 600 revolutions per minute the stresses 
are two and a quarter times as great as when the same machine 
IS runmng at 400 revolutions. 
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Fig. 14 shows a very handy “Sentinel Junior” suitable 
for driving fans for ventilation. This arrangement of engine is 
suited for any porpose where a governor is not required. 

Fig. 15 shows a “Sentinel” high-speed engine, of the 
compound double-acting forced lubrication type. This engine 
is in extensive use for the generation of electric light and power 
in factories, and also for belt or rope drive It is suitable for 
100 to 180 lb. steam pressures, condensing or non-condensing 
— a thoroughly economical engine, steady in running, well 
governed, and of excellent workmanship. 

Fig. 16 shows an 860 horse-power “ Sentinel ” engine, triple 
expansion, double-acting type, direct driving balancing dynamos 
for lighting work, suitable for 140 to 200 lb. steam pressure — a 
very suitable engine for a large establishment. 

The Steam Turbine. 


In many large chemical works, and in the allied industries, 
it is necessary to make provision for the supply of very con- 
siderable volumes of electric current, and in the equipment of 
the power-house the steam turbine is receiving close attention. 
The steam turbme in a practical form was first introduced by 
the Hon. C. Parsons in 1884, and since that time it has been 
continually improved, until it now holds first place as the cheapest 
and best generator of electricity. Its principal advantages are 
the low first cost ; the small space occupied ; rapid erection ; 
minimum cost of upkeep and repairs ; the small cost of lubri- 
cants (the makers claim that while the cost of oil for a recipro- 
cating engine is 7 to 10 per cent of that of the coal, for a steam 
turbine the figure is only J to 2 per cent) ; the absence of 
cylinder lubrication, enabling the use of the exhaust steam 
particularly in chemical works, for process operations; the 
absence of vibration; the small attendance required, one man 
being able to look after several large turbines; the excellent 
governing; even turning and good parallel running; while 
pnming of the boilers (a very serious matter with an ordinary 
engine) has no effect on the turbine beyond slightly reducing 

able Sfnt. can be indulged m to any reason 

larJ now great that where the erection of a 

ge power-house is under consideration the claims of the steam 




Pi(j. 17. — Section through Parsons’ Steam Turbine. 
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turbine call for close examination. In this chapter the authors 
have been enabled, by the courtesy of Messrs. C. A. Parsons & 
Co., of Heaton Works, Newcastle-on-Tyne, to include a full 
description, with illustrations, of some of the principal types of 
the apparatus. 

In its simplest form the steam turbme may consist of one or 
more nozzles which direct jets of steam tangentially on to suit- 
able buckets or blades mounted on a ring or wheel ; this form 
is termed the impulse type of steam turbine. Or it may consist 
of one or more nozzles earned on an arm or disc pivoted at the 
centre, the steam issuing tangentially from the nozzles and by 
its reaction causmg the disc to rotate ; this latter is the reaction 
type of turbine. In the Parsons* compound steam turbine both 


h I ! 

F.XCD Blades 

MovtNG Blades mw)))) Moving Blades 
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Movjnc Slades )))))))))» ^ Moving Blades, 

Pig. 18 . 


these types are combined, the turbme consisting of alternate 
rows of fixed and moving blades, each set of fixed and moving 
blades being like a simple turbine complete m itself. 

On entenng the cylinder the steam passes through the first 
row of fixed guide blades, which direct it m a number of streams 
in a tangential direction on to the first row of moving blades, 
thus imparting to them a rotational force due to the impact of 
the steam. The curved shape of the passage through the blades 
reverses the direction of the steam, so that it issues from the 
moving blades tangentially but in the opposite direction, and by 
its reaction imparts additional rotational force to the moving 
blades. The steam then reaches the next row of fixed and 
moving blades, where a similar operation takes place at each. 
The energy to give the steam its high rotational force at each 
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LFifl. 19— Blades in Cylinder of Parsons* Steam Tnibine. 
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^Buccessive row of blades is supplied by the drop in pressure, the 
steam expanding gradually by small increments. 

With regard to the economy of space which it is possible to 
effect by the use of the steam turbine, Fig. 20 shows this sav- 
ing in an mstallation of turbo-blowing engine and condenser^ 



Fia. 20a. — Showing the Saving of Spaoe Effected by Steam Turbine. 

where the superiority of the turbine over the reciprocating 
engine of equal output is very evident. 

The steam turbine which is shown in Fig. 17 consists of a 
cylindrical case with rows of inwardly projecting blades, within 
which revolves a concentric shaft with rows of outwardly pro- 
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jecting blades. The steam enters at A on the lower half of the 
cylinder, thus leaving the upper half quite clear of steam pipes 
and all obstructions, and facilitating dismanthng. It then 
passes successively through the different rows of fixed and 
moving blades as explained above, and leaves the cylinder 



Fig. 20d —Showing the Saving of Space Effected by Steam Turbine 


through the exhaust pipe B. In order to give increased passage 
way for the steam as it expands, the shaft is made with three 
steps of different diameter, the heights of the blades being also 
mcreased. 

The steam, in addition to its rotational force, exerts a pres- 
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sure endways along the shaft on the surface of the blades and 
the shoulder of the shaft This is balanced by the dummy pistons 
C' G" G"\ as shown in the section. They are made of diameters 
corresponding to the different parts of the turbine they balance, 
and are supplied with the corresponding steam pressure through 
the pipes P' P" The shaft thus runs in complete balance end- 
ways, and can be moved backwards and forwards with a light 
lever even when the turbine is running under full load. In order 
to prevent steam leakage, grooves are turned in these pistons, 
into which project, without, however, touching the moving 
parts, smtably shaped strips of- brass caulked into grooves in 
the cylinder. The whole form a labyrinthine passage offering 
great resistance to the escape of the steam, most of which is 
carried round and round by the skin friction of the dummy pis- 
tons, producing a most effective screen against leakage. The 
two glands D, where the shaft leaves the turbine casing, are 
constructed in precisely the same manner. The steam for pack- 
ing them is obtained from the exhaust of the steam relay, a live 
steam connection being fitted for use before starting up. An 
ejector is also fitted to draw the excess steam away from the 
glands. 

The coupling between the turbine and generator is of the 
flexible claw type, to allow for slight differences in alignment 
of the two portions of the plant. The thrust block E at the end 
of the turbine shaft merely keeps it in place, with the right 
clearance between the fixed and moving parts of the glands and 
dummies, and adjustment is made in a few minutes with a small 
liner behind the thrust block. The shafts themselves are solid 
steel forgings in the smaller sizes, while m the larger sizes they 
are built up of hollow steel drums machined inside and outside, 
and then carefully shrunk together and pinned. 

The blades are composed of a special brass alloy which long 
experience has proved to be the most suitable. This is rolled 
and drawn to the required section, and highly pohshed so as to 
ensure the friction with the steam being as little as possible. 
Eor the first few rows of blades, copper is used instead of brass-, 
as being more suitable for superheated steam As will be seen 
from Pig. 18, the tips of the blades are thinned, so that in the 
case of their touching, the ends are merely ground away or 
slightly bent over. This improvement has been found to afford 
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Fig. 21.-ParsoiiB’ Steam Turbine Installation ; one 400tand|three 200 K. W Diiect Current Tnrbo-Generatora. 
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additional security without at the same time affecting the steam 
consumption. 

For many years past the blades have been caulked one by 
one into grooves in the cylinder and shaft, a method which has 
proved satisfactory. Messrs. C. A. Parsons & Co., however, 
have devised, and are now using, several methods of assembling 
and holding the blades in complete sectors of suitable lengths 
ready for insertion in the cylinder and spindle. These sectors 
can all be prepared beforehand and kept ready in stock, so that 
the actual operation of fixing the blades in the grooves of the 
cylinder and spindle is done very quickly. In one form the root 
strip IS made a continuous comb, into which the blades are 
inserted ; the teeth of the comb are then squeezed down tight 
one by one in a suitable automatic machine, and the whole is 
then bent to the required curvature to fit the spindle or cylinder. 
The sector goes into a dovetailed groove and is fixed then with 
a caulking strip. In another form, applicable also to existing 
turbines which have been already 'blade'd by the older method, 
the standard blades and packing pieces are provided with holes 
by w’hich they are strung on a wire of suitable section ; they 
are then driven up tight m a former curved to the right radius 
for the part of the cylinder which they have to fit ; the ends of 
the sector being secured by riveting or any other suitable method. 
The complete sector is then ready for fixing in the turbine by 
caulking in the usual manner In all these methods the full 
strength of the blade is maintained unimpaired right into the 
root fixing, there being no swaging or spreading out of the root 
or possible cracking of the metal, while at the same time the 
hold on the root is so firm that there is no fear of the blades 
coming loose. 

The whole of the lubrication of the bearings, thrust block, 
worm, and governor gear, etc , is automatic, the oil being drawn 
by the pump F from the tank G. This pump is of the rotary 
f^yp^j consisting of two wheels gearing into one another, which 
sweep the oil under considerable pressure round 'the outer part 
of the casing It is placed low down, so that it is constantly 
flooded, and since it has no valves and is driven by a prolongation 
of the governor shaft, its failure is practically impossible. For 
flooding the bearings before starting up an additional small hand- 
pump IS fitted.^ A cooler is also provided to reduce the tempera- 
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ture of the oil. Since there are no nibbing contacts inside the 
cylinder, no lubrication is required there, a fact which can be 
appreciated by those who realize the troubles of lubncating the 
cylinder and piston rods of ordinary engines, especially when 
running with superheated steam. As the same oil is circulated 
over and over again by the pump, and since no lubrication is 
required in the cylinder, the total consumption of oil is exceed- 
ingly small, and this has a considerable effect m the cost of 
generation in a large station. In a plant where a 1000 h.p. 
blowing engine has been running for three years, the total cost 
of lubrication averages Is. 9d. per week, and similar plants 
•elsewhere have given equally good results. 

The governors themselves are of the centrifugal type, with 
the springs actino^ directly between the balls, and are both 
mounted on the same spindle H, driven off the main turbine 
shaft by worm and worm-wheel. Steam is admitted to the 
turbine in a senes of gusts by the periodic opening and closing 
of a doublebeat valve, operated by a steam relay in mechanical 
connection with the turbine shaft, the duration of each gust 
being regulated by the position of the governor balls and collar. 
One end of the governor lever controls the plunger valve of the 
steam relay, and the other end is furnished with a small roller, 
which runs on the collar of the governor. This collar has one 
side higher than the other, and as it turns round, raises and 
lowers the end of the governor lever, and thus gives the penodic 
motion to the valve. For hand adjustment of speed, a separate 
collar, spring, and lever are fitted to the governor In addition, 
a runaway valve is also fitted, being held open against a spring 
by a catch and double trigger arrangement, so designed as to 
reduce pressure on the point of the catch to a minimum. In this 
way the release of the valve takes very little force and is ex- 
tremely regular in its action, always cutting out at the speed for 
which it is set There is also a lever provided, by which the 
valve can be tripped by hand. 

The work done by the governor itself is merely a slight 
alteration of the mean position of the lever end, and the relay 
plunger attached to it, the amount of travel remaining constant. 
The volume also of steam m the turbine is comparatively small, 
and passes very qmckly through to the exhaust, so that the 
turbine itself responds at once to the governor, and the energy 
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stored up in the rotating parts being large, the vanationfe'in speedy 
momentary and permanent, are very small. ■! . 

The turbine can efficiently expand the steam to a very high 
degree. To secure the greatest efficiency, the condenser should 
be so designed that the temperature' of the circulating water 
when it leaves the condenser is as close as possible to that coi- 
responding to the vacuum obtained ; the subject of condensing 
plant and the proper distribution of steam in the' condenser has 
been closely studied at Heaton Works with this end in view, 
and more than 150 condensers have been supplied giving most 
excellent results. In many cases it has been found desirable to 
increase the volume of circulating water and also its velocity 
through the tubes of the condenser This entails a ' larger 
motor for the circulating pump, but the total extra power re- 
qmred will not exceed 1-J- per cent of the full output of the 
generator. The vacuum is 27'5 inches to 2H inches, with cooling 
watei at 70® F., instead of a vacuum of 26 inches to 27 inches, 
which would be usual under ordinary conditions. The net gain 
in steam consumption, after deducting the extra power required 
by the motor, is 4 per cent to 5 per cent, without any increase 
in the size of the condenser. 

In order to further improve the vacuum, the vacuum aug- 
mentor (Fig. 23) has been introduced. This apparatus consists 
of a steam jet ejector which is placed in the pipe between the 
condenser and the air-pump and draws the air and vapour 
away from the condenser, delivering it to the air-pump, the 
vacuum being much improved. By the augmentor the air and 
vapour are compressed to one-fourth of their volume, and are 
delivered through a small auxiliary condenser (where they are 
cooled and the steam condensed) to the mam air-pump. The 
condensed water from the mam condenser flows directly to the 
air-pump suction by a separate pipe which is water-sealed. 
The consumption of steam by the jet is only about 1 to]l^ per 
cent of the total steam required by the turbine at full load, and 
the net extra gain in steam consumption is about 5 per cent. 

In many cases where engines are running non-condensmg, 
an exhaust steam turbine (Fig 22) can be installed with advan- 
tage, if any water is available for condensing The work ob- 
tained from the steam will practically be doubled, and there 
will be no actual loss of water even if cooling towers are used. 
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Fig, 23 — ^Exhaust Steam Tiirbine»(0, A,tPftrsouB''&‘Co.). 
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for the water lost by evaporation under ordinary conditions is 
only 80 per cent of that condensed. A steam accumulator will 
only be required where the supply of steam is intermittent, and 
Messrs. C. A. Parsons & Co. have an agreement with Professor 
Bateau for the supply of his type of regenerative thermal ac^ 
cumulator whenever required. The exhaust steam turbine can 



dnve any of the different types of machinery usually driven by 
the steam turbine of the ordinary type. 


Electeical Fittings. 

Where electrolytic processes are in use, the power required 
for these must be taken into account in fixing the size of the 
generating plant to be laid down, as in our former remarks we 
have only included generating power for motors and lighting. 
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It is the custom to carry the main cable from the generating 
station to a main distribution board, situated in the most con- 
venient part of the works, and at as short a distance as possible, 
for sub-distribution to other distribution boards. In this way it 
win at once be apparent that the cable leading to the first dis- 
tribution board must be sufficiently large to carry current for 
subdivision to the other points from which current is taken, 
and that it is much easier to carry cables of a small size to the 
different units than to carry larger cables direct. Bearing in 
mind the fact that fuses and switches should be so placed as to . 
be easy of access, it must also be kept in view that all electrical 
apparatus should be well protected from misuse. To ensure 
this it IS advisable that notices forbidding unauthorized persons 
to handle the various electrical apparatus be posted wherever 
the switches are fixed. 

The Ingbet Automatic W^bighing IMachinb. 

A very useful apparatus which will find application in many 
large works is the Ingrey automatic weighing and recording 
machine The advantage of having the weight of bulk material 
automatically recorded during the loading or unloading of a barge 
or vessel is obvious, and an equally advantageous apphcation is 
that of automatically recording the weight of coal fed into the 
hoppers of boilers. The Ingrey machine, as made by the Klein 
Engineering Company (1908), Limited, of 94 Market Street, 
Manchester, is shown in Eigs. 8, 9, and 10. 

The machine illustrated in Fig. 8 is arranged for weighing 
and recording the weight of a load when delivered to it by a 
‘‘ grab ” or “ skip ” from a crane, and is specially applicable 
when the coal or other material is brought by barge or vessel 
alongside a wharf. The apparatus is quite automatic in its 
action, the weight or impact of any load setting it into operation 
and indicating upon a dial not only the weight of the individual 
load but recording and adding the weights up to 100,000 tons, 
after reaching which the recorder commences afresh at zero. 

This machine does not deal with any predetermined load, 
but indicates and records the weight of each delivery, no matter 
how much this may vary. When a “ grab ” is employed the 
quantify^a'Bped'^is'very unequal. 

The recording apparatus is contained in a dust-proof case, 
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and can be fixed in a locked cabin with glass doors for inspection 
purposes. Machines of greater or less capacity can be supplied, 



and the speed of operating can be varied to suit any special 
requirements. 


Eio, 8, — The Ingrey Antomatlo Weighing and Becording Machine. 
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An important feature of this machine is that when receiving 
«,nd discharging its load the weigh-bucket is raised clear of the 
knife edges, so that the vibration caused by the discharge from 
-the grab operating doors, etc., is not communicated to the indi- 
<;ating and recording mechanism. 



Fig. 9. — The Ingrey Antomatio Weighing Machine StatlonaiT- Type 

The Ingrey machine is now very extensively adopted where 
meohanically-Btoked boilers are employed (Fig. 9). It is usu- 
■ally dnven by chain gear from the stoker shaft, and the power 
required is very small In connection with this machine a 
.special measuring valve or drum is preferably used. 
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Normally the machine relnains out of action, but directly a 
supply of coal is required for the boiler a clutch is thrown into 



Fig. 10. — The Ingrey Automatio Weighing Maohine • Travelhng Type. 


gear and the actuating shaft of the machine is caused to make 
one complete revolution. The first action is to move the measur- 
ing drum, which discharges its load into the weigh-bucket. la 
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the second action the bucket is lowered gently on to the weigh- 
ing centres, and the weight of the load is transmitted to the 
recorder, which indicates the weight, and adds this to the total. 
The third action restores the bucket to its normal rigid condi- 
tion, and, opemng the door, delivers the weighed coal to a shute 
and thence to the boiler. The door automatically closes, and 
the machine throws itself out of gear and awaits a further 
demand. 

This machine may be started into operation by the pulling 
of a cord or chain, but by an ingenious contrivance even this 
may be dispensed with, and the boiler is practically caused to 
help itself when it requires a supply of coal. Where two stoker- 
hoppers are attached to each boiler, the shutes from the ma- 
chines are bifurcated, as shown in the illustration. 

The advantages of a machine of this descnption are mani- 
fest, as by its use the exact quantity of coal consumed by the 
boiler is at any time easily ascertainable, and where a range of 
boilers is employed, useful comparisons can be made, and the 
blame for over-consumption rightly apportioned. 

In some cases where a large range of boilers is in use, the 
machines are made capable of travelhng upon overhead rails, so 
that one machine may be made to serve several boilers. Fig. 
10 shows such an arrangement which is installed at an im- 
portant power station. These machines do good work, but are 
much more expensive than the fixed type, and necessitate not 
only travelhng gearing, but also the erection of a suspended gan- 
try, whilst the advantage of knowing the actual consumption of 
coal of each particular boiler is not secured. It is obvious 
that the benefits attainable by adopting the one-boiler-one- 
machine principle are not here served. When this travelling 
form of machine is adopted, the automatic system of starting, 
e.e., making the mechanical stoker determine when it requires 
coal, cannot be applied The startmg in the case of the travel- 
ling machine must be performed by hand. 
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SULPHURIC ACID PLANT. 

In the arrangement of sulphuric acid plant it has become cus- 
tomary in recent years to arrange the chambers in sets of three. 
In the older works, chambers of largely varying dimensions 
may be found, whereas in modern works a chamber of moderate 
cross-section and length has become more usual Chambers of 
20 feet width, 18 feet in height, and from 100 feet to 120 feet 
in length, are representative of this class. The width men- 
tioned permits of eaaieir construction than a chamber of greater 
VTidth. As will be seen from the description and drawing (Plate 
m.) the timbers forming the roof supports for the leadwork 
of the chamber can be more .readily obtained in lengths suit- 
able for this width than where wider chambers are used 
It has been the practice to erect the chamber platform at 
such a height as will enable the burners to be placed under- 
neath, or, where the space underneath the chambers is not fully 
occupied by the burners or pyrites store, the height is still 
sufficient to admit of being utilized for many other purposes^ 
and if of any advantage, a line of rails could be taken under, 
forming a covered shed for unloading goods. 

Eecent practice in the erection of chambers has brought 
iron and steel more into use as regards the columns and girders 
supporting the chamber platform It is only in the older works 
that brick or stone piers are to be met with for supporting 
the chambers, the smaller space taken up by an iron column 
being naturally a great advantage Opinions differ greatly 
as to the type of column to be used, some manufacturers 
preferring a circular column of cast-iron, or cast-iron of special 
section, or a steel column of I section, with suitable cap and 
base-plate riveted on, with angle-iron and gusset plates. 

Assuming, then, that we are considering a plant consisting 

(70) 
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of three chambers, each of which measures 1‘20 feet by 20 feet, 
by 18 feet high, and allowing for a gangway between the cham- 
bers of 5 feet, and a further gangway outside the outer chambers 
of 3 feet 6 inches, we have a platform measuring 127 feet by 82 
feet, and if the columns are spaced at 10 feet centres lengthwise 
of the chambers and 25 feet centres in the breadth, this would 
give a very suitable support for the main platform Our reason 
for suggesting a spacing of columns at 10 feet centres, length- 
wise of the chambers, is, that this arrangement lends itself very 
well to the disposal of the burners, when these are placed under- 
neath the chambers, as the usual width of burner front is 5 feet, 
by arranging the burners so that the jointing of the burner front 
plates comes opposite the centre of a column With this 
arrangement it will be found that in operating the burners the 
columns will not be in the way of the workmen in the operations 
of charging the burners or pokering. 

The strength of the coLuinns required will naturally depend 
on the weight which they have to carry, and although the 
chamber platform and chambers by themselves may not vary 
much in weight for a given size of chamber and thickness of 
lead used, the mam weight will depend on the depth of upstand, 
which governs the acid contents the chambers will hold and 
determines the total load to be supported. Whichever column or 
type of column previously mentioned is adopted, a good base 
plate IS essential, to spread the weight on the foundation. The 
foundations for the columns may be in concrete or brickwork, 
as shown in the drawing, but in all foundations where brickwork 
18 used the bricks should be laid on the flat, and never on edge, 
and preferably Metalline *’ bricks. If the columns are bolted 
down wo prefer the bolt-heads to be below the level, so that the 
brick paving can be finished up neatly to the columns. 

For a good working floor, in our opinion, nothing is better 
than bricks on edge, laid on concrete. Bricks laid in this way 
do not readily pull up with the use of shovels, rakes, or other 
tools used in connection with the firing of the kilns. 

The chambers are seldom now roofed in, as the leadwork of 
the top forms the roof, and the central gangways and sides are 
covered by a small pitched roof, which is often covered with felt 
or thin sheet-lead. A bratticing is carried down from the slop- 
ing roof of the outside gangways to the chamber platform, with 
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open spaces of about half an inch between the boards In 
some oases close boarding is preferred, and sliding windows 
are provided at a suitable height and distances along the outer 


gangways. 

Where the lead work of the top of the chambers forms the 
roof of these, it is customary to make one side of the chamber a 
foot higher than the other, so as to form a good drainage for the 
rain-water, 

Eunning the whole length of the top of the chambers, and 
spaced at ec^ual distances apart, it is usual to fix a couple of 
gangways, which are easily formed by two 9-inch planks placed 
side by side. These gangways are convenient for examimng 
the top of the chambers and operating the lutes or attending to 
the observation glasses on the chamber top. 

As will be seen from the drawings, the leadwork forming the 


top of the chamber is supported by lead straps from the trans- 
verse joists running across the chambers, and though we prefer 
the lead strap to embrace the joists completely and to be burned 
on to the leadwork of the chamber top on either side, the method 
shown in Plate III. is often met with, on account of the saving 
effected in the quantity of lead used. But where this method is 
employed, in our opinion, the straps are far more liable to be 
torn off, and the alternative method, where the strap entirely 
embraces the joist, is preferable. In this latter case it will be 
noticed that no nails are necessary, whereas in the former system 
it is usual to secure the strap with three nails, one at the apex 
of the triangle and two at a lower point spread apart. In this 
latter method, in order to equahze the support of the lead strap, 
the system is adopted of staggenng these straps, so that the 
first one will be on one side of the joist and the next one on the 


other Bide of the joist, and so on alternately. 

Although the lead top of the chamber will sag a little, how- 
ever well supported, where attached to the crowntree, this is not 
sufficient in our opinion to warrant the insertion of lead 
pipes, which in some chambers are placed at intervals 
Ihe t^p sheet and out at the side sheets. The inclination of the 
roof-top should leave very little water to lodge at this depressi 

The acid connections from chamber to chamber can be made 
either by means of a pipe and plugs, as shown in the sketeh 
(Plate III), or by an open channel crossing the gangways. 
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3)refer the former method, as any obstruction in the gangway 
is an objectionable feature. The pipe if of ample size is not 
easily stopped up. If the system that we give later on, in 
■cases of chambers of greater depth than we have been refemng 
io (which have only an 18-inch upstand), is adopted, then the 
■open trough would be below the chamber platform, and so leave 
the gangway clear, and in that way would not be objectionable. 

The method shown of the pipe and plug arrangement is also 
suitable where the acid is run off from the chamber to other 
portions of the plant, to the acid tanks, or for immediate use. 

The other fittings of the chambers will be considered sepa- 
rately as regards their uses and positions. The gas trunk con- 
nection from chamber to chamber is placed at such a height as 
to leave clear head-room underneath, and can either come out 
at the end of the sides of alternate chambers, or, if preferable, at 
a central position at the extreme end of the chambers. A 
preference obtains amongst some manufacturers for a circular 
gas connection, the idea being that with a flue of rectangular 
■dimensions condensation is apt to take place and corrosion 
ensue at the square corners. We do not think there is much 
in this argument, but any disadvantage is readily overcome by 
using a U-shaped connection. This form is more easily made, 
and keeps its shape better than the circular trunk. 

It will be noticed that where the gas trunk enters the 
■chamber a greater width is necessary between the uprights of 
the chamber. To compensate for this, the uprights on either 
side of the gas trunks should be of stronger construction, and 
^diagonal struts should be taken up to the underside of the 
■crowntree. 

Before the leadwork forming the bottom of the chamber is 
laid, it IS very essential that the floor of the chamber platform 
•should be left quite smooth and even, especially where the planks 
forming the chamber bottom come together, and no nails or any 
excrescence such as a hard knot should be left standing up. 
Attention to such details will do much to prevent the lead from 
being cut by pressure on any of these causes of abrasion. These 
are points which the contractor accustomed to this class of work 
should of course watch for himself, but those who are respon- 
sible for the future welfare of the plant will do well not to lose 
^sight of them. 
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The best positions for the denitratmg and absorbing towers- 
are at one end of the chambers. The platform of the- 
chambers is reached by a flight of stairs, preferably arranged in 
a double flight, with a landing in the middle, as one long 
flight IS not only awkward to deal With, but is also very tiring 
to those who have to use it. Wherever possible, the means of 
operating any process should be made as easy as possible for the 
workmen, where the slight modifications from conventional 
design do not add matenally to the expense of construction. 
While touching on this point, it may be mentioned that all stairs, 
should, whenever possible, be carried up at an angle of 46 degrees, 
as accidents are far less hkely to occur with an easy ascent than 
with a steep one. Moreover, where any acid or other corrosive 
liquid is likely to be spilt on stairs, this is more readily brought 
into contact with the legs or clothing of the person ascending 
steps with a steep inclination. Wide treads should be given, 
wherever possible, in preference to treads of narrow width. By 
observing httle details of this nature as regards construction,, 
increased comfort of working is secured. 

In some works where three chambers form a set, the burners 
occupy a central position under the middle chamber, for the 
purpose of giving ample room on either side for the storage of 
pyrites and the handling of the residues from the burners. 
This arrangement also brings the Gray-Lussac and Grlover towers 
close together, the centre-line of the Glover being a continuation 
of the centre line of the burners. It is immaterial upon which 
side of the Glover the Gay-Lussac is placed, but this, again, may- 
be a continuation of the centre line of either of the outside 
chambers With this arrangement, the exit gas flue from the 
last of the chamber set will have to take a diagonal course to- 
the Gay-Lussac, and if the selected arrangement is to place the 
burners centrally underneath one of the outer chambers, the 
Glover being also on the same centre line, then the Gay-Lussac 
would thus be thrown to a position on the centre line of the other 
outside chamber. There is not much to favour one or other of 
these arrangements as far as preference is concerned, but they are 
important points to be considered, as the disposition of other 
parts of the plant naturally depend on the position that these- 
‘towers may occupy. Perhaps in the former case, where the 
towers are brought close together, the arrangement of the stairs. 
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to the chambers and the tower lend themselves more conveniently 
to the general operations connected with attending to this part 
of the plant 


The Gloveb Toweb. 

The construction of the Q-lover tower (Plate V.) has generally 
taken the form of dividing the weight of the tower proper and 
the house, so as to be independent of each other except with re- 
spect to the foundations, which are common to both. The tower 
itself IS generally built up of a brick pedestaJ of acid-proof 
bricks, finished off neatly with cement, on which a lead apron 
is placed and beaten down to a few inches in depth over the top- 
of the brickwork. On this, again, the lead dish forming the 
upstand for the tower bottom is placed, and the brickwork form- 
ing the sides of the tower is built up from this point. 

The height of the brick pedestal is fixed by the acid tanks 
and cooling arrangement to which it has to flow by gravity. 
The height of the lead portion of the tower is usually about 
25 feet, and the tower in cross-section varies from 8 feet to 12. 
feet square. 

The house in which are placed the acid tanks which feed 
the tower is supported on four timber legs, which have their 
base on stone, and rest on the mam foundation of the tower. 
The house is generally made in two storeys, the upper of whichi 
contains the acid tanks, and the lower floor the distributing 
arrangement for supplying the acid feed The uprights or 
corner posts require to be of strong timber, and are usually 
of pitchpine, and of 10-inch to 12-inch square in cross-section. 
The construction is clearly shown in the drawing, and it will be 
noticed that besides supporting the house, the posts also take 
cross-supports at frequent intervals in the height of the tower>. 
from which lead straps are secured and burned on to the lead 
sheets forming the tower sides. The lead for the sides of the 
tower requires to be much stronger than that for either the 
chambers or the Gay-Lussac In some plants the sides of the 
Glover towers have been made with thicker sheets towards the 
bottom part and thinner sheets in the upper portion, but as this 
complicates the lead-burning, without m our opinion adding 
much to the life of the plant, we think it better to use a lead of 
uniform thickness for the whole depth of the tower side sheets^ 
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-and one of 10 or 12Ib. will be found to last well, the upstand or 
•dish being of much thicker lead, generally 601b. 

Many plans have been devised for distnbuting the acid at 
the top of the tower, but although that which we are about to 
•describe is one of the oldest forms, we think that it is still one 
of the best. In this arrangement, a lead dish is formed, dip- 
ping some 6 or 7 inches lower than the main floor of the 
■first storey of the house, and in this dish are a number of lutes 
'Or cups, with short pipes arranged so as to give a good general 
distribution over the area of the interior of the tower. On 
•opposite sides to each other is a lead cistern, divided up into a 
.series of compartments, from which outflows formed of an open 
lead trough are led with a dimimshing lip, to the lutes on the 
tower dish for supplying the acid to this latter. These acid 
distributors, or lead pianos, as they are sometimes termed, are 
fed from the overhead acid supply cisterns placed in the upper 
storey of the tower. The tower itself is built up of acid-proof 
bricks, the lower portion of the walls being 14 inches thick, and 
reduced to 9 inches in the upper portion. The lower part, 
which 18 required to support the packing, is arched over at a 
suitable height from the bottom of the upstand, and leaving 
ample room above where the burner pipe brings in the gases 
from the burners previous to these finding their way up through 
Tthe packmg of the tower. 

The Buckley arch-block is extensively used as a ready means 
•of supporting the packing and lessening the labour which would 
be entailed in building arches of brick. These blocks can now 
he obtained in several sizes suitable for making arches of 3 feet, 
4 feet, and 5 feet span, forming a complete half-circle. 

Whatever form of packing is used in the tower, it is the 
general practice to commence with a chequered course or two 
of “Metalline” bricks, and in some cases the “Metalline” 
brick packing is continued up the whole height of the tower. 
'Various forms of special packings are now employed in pre- 
ference to the older method of using hard coke. 

The method of packing the towers used in the vitriol plant 
has changed considerably during recent years. In the old type 
uf tower, acid-proof bncks were chiefly used, with the liquor 
itrickling down the bnck-packmg, which was arranged in pigeon- 
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hole fashion. During recent years the tendency has been to 
substitute, for the brick packing, material shaped into solid or 
hollow halls, when solid pierced with holes, so as to utilise the 
insides as well as the outsides as contact surface. 

By the use of such material, the output of the plant has 
been very largely increased, and the necessary height of the 
towers for any given chamber capacity is correspondmgly re- 
duced, whilst the cost of the new form of packing compares 
very favourably with that of the old-fashioned brickwork. 

The inlet for the gases coming away from the pyrites 
burners to the Glover tower requires very careful manipulation. 
The gases generally enter by a cast-iron pipe, which is stemmed 
into a lead socket Wrned on to the lead side of the chamber. 
The burner pipe requires renewal from time to time, owing to 
the heavy wear from the corrosive nature of the burner gase.s, 
and it is protected by a brick lining; consequently the pipe 
needs to be of considerable size to allow of this. 

We have drawn attention to the great difficulty experienced 
in finding a suitable lip for the overflow from the upstand of 
the Glover tower to the cooling apparatus. A lip that has 
recently been much recommended is that made of fused silica 
by the Thermal Syndicate, Ltd., of Wallsend-on-Tyne. A de- 
scription of this will be found in the chapter on general plant. 

The exit gases from the top of the Glover tower are taken 
by a lead trunk, similar to that shown m the drawing, to the 
first chamber of the series. 

The acid supply to the chamber cisterns is either forced up by 
means of acid eggs, as in the older works, or by one or other of 
the various types of elevator, such as that of Kestner, which, 
when properly used, is one of the best means for elevating 
acids, and of which a description will be found in the general 
plant section. 

The framework of the tower house, except as regards the 
floors, may be of a light nature. Sliding windows for ventila- 
tion and light should be placed on each side, and the roof can 
be covered with felt or thin lead, the latter for preference. An 
overflow from the acid cisterns should be taken down, either to 
the chambers or to the acid cisterns on the working floor In 
dealing with tlic chambers, wo have already referred to the 
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advisability for the arraDgement of the stairs being readily 
accessible to the chamber platform. 


The Gay-Lussao Tower. 

The Gay-Lussac tower is very similar in construction to 
the Glover tower, the exception being more as regards the 
■dimensions and the thickness of the lead. The lead for the 
Gay-Lussac need not be more than 7 lb. The connection 
with the chamber is by means of a lead trunk, similar to that 
between the Glover and the first chamber A suitable height 
«of tower for a plant such as that descnbed would be 50 feet, 
with a cross-sectional area of 64 feet. 

Overflows from the acid cisterns should be conducted down 
to the supply cisterns. 

The exit gases are taken by a leaden trunk down to the 
ground level, where a testing arrangement is provided previous 
to the connection with the flue to the chimney. 

The upstand in the case of the Gay-Lussac tower does not 
^ive any trouble as regards the outflow of the acid, as the liquid 
is in this case comparatively cool, and can flow away to the 
acid cisterns as it comes from the tower. 

The arrangement of the stairs and gangways connected with 
the tower are similar to those of the Glover, and should have 
'direct communication with the chamber platform in a similar 
way. 

In both the Gay-Lussac and Glover towers, where the acid 
as forced up to the supply cisterns for feeding the towers, the 
acid enters a closed vessel, which has a vent-pipe connected 
with it to the open air, in order to break the force of the air 
"which is delivered with the acid as it is forced up to this high 
level, and which, if blown direct into the supply cisterns, would 
■uause the acid to splash over by the intense agitation which the 
force of the air would produce 

The plugs used in the acid supply cisterns on the towers are 
'Similar to those employed in the chambers, but where an in- 
dependent plug and connection is not provided as a means of 
emptying these cisterns to the low-level acid tanks on the 
ground floor, a branch connected with the supply to the towers- 
should be made in order to attain this object when necessary. 
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As will be noticed in the drawings, the dishes of both the 
-Grlover and Gay-Lussac towers are supported by iron bars 
•covered with lead, or tubular section is sometimes used in 
preference, as being lighter and more easily covered. 

In describing the chambers we have already drawn attention 
±0 the desirability of the angle of the stairs being made as easy 
as possible, say not more than 46 degrees, and this must be borne 
in mind with regard to the stairs of both the Gay-Lussac and the 
Glover, even at the expense of introducing a secondary plat- 
form and making two flights of stairs instead of one continuous 
flight. 

It will be noticed in the construction of both towers that the 
crosspieces between the towers not only act as supports to the 
leadwork, but also as distance-pieces between the tower legs, 
and are tightly drawn up by iron bolts through the tower legs 
immediately above or below these crosspieces. 

The acid on leaving the Glover tower is exceedingly hot, and 
passes through a cooler before being run into one of the acid 
tanks for distribution in the system again. Various forms of 
cooler have been devised for this purpose ; some being of the 
open type, which consists of a series of lead troughs, acid being 
run in one trough with water on the other side of it, the water 
running 14 the opposite direction to the acid Other forms of 
coolers are those m which the acid runs through a lead coil 
surrounded by cold water 

A series of lead-lined tanks are necessary for containing the 
acid from the Glover and Gay-Lussac towers, and one for 
chamber acid. These will either be connected to acid eggs or 
Kestner elevators, for elevation and distribution to the several 
parts of the plant, as outlined in the brief general description of 
■the process given below. 

Notes on Vitriol Manufacture 

It has been thought desirable, for the convenience of en-' 
gineers who are not intimately acquainted with the chemistry of 
vitriol manufacture, to include a brief summary of the opera- 
tions which are involved, and such a summary may be found 
useful by many who may have occasion to consult this volume. 
For details as to the theory of the process, reference may be had 
to the standard text-books on chemical technology. 
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Vitnol making consists in first roasting pyntes in specially 
constructed kilns or burners, with access of air, and producing 
sulphurous acid gas. The gas thus obtained passes by means of 
leaden trunks from the burners mto the chambers, which in this 
country are usually oblong m shape, and constructed of lead 
sheets suspended on timber framework. 

In their passage from the burners to the chambers the sul- 
phurous acid gases pass up the G-lover tower, down which 
weak chamber ” acid flows, this acid containing nitrous acid 
gases from the oxidizing process taking place in the chambers. 
The weak chamber acid is concentrated, and the nitrous gases 
are expelled and carried forward into the chambers for re-use as 
the oxidising agent in the process. In the older type of burners 
nitrate of soda and vitriol are placed in ‘‘nitre-pots,’* which 
pots are placed in a flue above the burner proper. The nitrous 
acid gas required for use m the chamber, to oxidize the sul- 
phurous acid into sulphuric acid, is thus produced. In the latest 
type of vitriol plant the potting ovens or flues are not used, but 
liquid nitric acid is fed into the Glover tower. Eeference to this 
and other modifications of working will be found elsewhere 

From the Glover tower the burner gases pass into the first 
chamber of the senes — a series generally consisting of three or 
four chambers, although in small plants two are sometimes 
sufllcient for the output required. . 

The sulphurous acid gases from the Glover tower, containing 
the nitrous gases from the potting ovens (or the volatilized 
nitric acid if this is used in the liqmd state), are mixed with 
steam, or, in the case of the latest practice, with water which 
is sprayed into the chamber. The sulphurous acid, nitrous 
acid, and water react, weak sulphurous acid is formed, and this 
collects on the floor of the chamber. The chambers are con- 
nected with the Glover tower and with each other by means of 
leaden trunks for the gases, and dishes or upstands for the 
vitriol, which passes from chamber to chamber of the series. 

From the last chamber of the series the exit gases pass to 
the Gay-Lussac tower. This is also a lead-lined structure, 
filled with packing material, down which trickles strong acid 
from the Glover tower. This acid absorbs all the nitrous acid 
left in the exit gases from the process, and after this absorption 
the gases are draughted into the chimney. The strong nitrous 
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acid from the Gay-Lussac, together with the weak and nitrous 
.chamber acid, is fed to the Glover tower for denitration, as 
already described. 

In addition to the principal sections of the plant briefly men- 
tioned above, various accessories are used. In modern plants 
fans are now employed to draw the gases through the whole 
.system. Intermediate towers are also employed, which add to 
the capacity of the plant. For lifting the acid from the ground 
level to the tops of the towers either acid eggs, or automatic 
.elevators, are used. In the former case the acid is blown 
up to the tanks on top of the towers by compressed air from 
a blowing engine , where automatic elevators are employed 
the process is much simpler ; full particulars of the automatic 
elevators now in use will be found in the section on general 
plant 

Eecent Developments in Vitriol Plant Design and 

Working. 

The general trend of development in Great Britain as re- 
gards the design and working of vitnol plant deserves careful 
.consideration by those who may be contemplating the erection 
of new works, or the remodelling and bnnging up to date of 
.existing installations. The successful working out and applica- 
tion of the contact system on the Continent has had a remark- 
.able effect m stimulating improvements in the older chamber 
system, which still holds the field in this country, and which, 
moreover, does not appear to be seriously threatened as regards 
.the position which it occupies where the production of any but 
.the highest strengths of vitriol are concerned. 

In considering the recent developments in design and work- 
ing, it must be remembered that the great bulk of the vitriol 
produced in this country is required for use in the manufacture 
*of salt-cake in the Leblanc process, for the production of super- 
phosphates, and for such purposes as the recovery of ammonia 
.as sulphate from gas liquor. This being the case, the possibility 
of competition from the contact process does not enter into the 
question. The position m Germany is different. Very large 
•quantities of high-strength acid are required for use m the early 
stages of the synthetic indigo manufacture, and it is here that 
ithe advantages of the contact system are mamfest. The incen- 

6 
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tive to research which has been provided by the working out of 
the new method, however, has benefited to a remarkable extent 
those mannfacturers who depend for their supplies on the cham- 
ber plant, and to these a summary of recent practice vdll be of 
interest. 

It may be observed at the outset that there is nothing which 
is distinctively new in the various modifications which are now 
being generally adopted in chamber vitriol plant. These modi- 
fications are more in the methods of working than m design, 
and, apart from the introduction of plate towers, involve only 
the addition to existing chamber plant of comparatively inex- 
pensive accessories. The principal alterations were long ago 
indicated by such authorities as Lunge, and the progress which 
has been made is simply the result of careful experiment on 
lines which were aheady laid down by experts in the technology 
of the process. 

In the following summary of developments in design and 
working, it may be observed that although a good many of the 
modifications have been much discussed, there is still the usual 
tendency on the part of the general body of vitriol manufac- 
turers to keep to old methods and old types of plant. Chemical 
manufacturers in the mam have always been noted for their 
reluctance to deviate from old and tried methods and apparatus, 
and much that has recently been written as to radical develop- 
ments or modifications in vitriol plant does not apply to the 
average works where the chamber plant, in its unchanged form 
as erected ten, fifteen or twenty years ago, is still successfully 
operated. 

Takmg the various sections of the plant in their order of 
working, it may be noted that the hand-fed kiln continues to 
hold its place. Mechanical furnaces have not been so generally 
adopted as was anticipated, and it is acknowledged that their 
use does not compare very favourably with the old type of kiln,, 
except in cases where wages are below a certain level. The 
pyrites used in mechanical burners must be small, necessitating 
finer crushing and producing much dust, to catch which, dust 
chambers may be required. 

The old method of introducing the nitric acid into the 
chamber system, by generating it from nitrate of soda and 
vitriol in the nitre ovens of the pyrites kilns, is now falling into^ 
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disuse in many works. It is to be noticed that the modifica- 
tions in working the chamber vitriol plant which are being 
most generally adopted are those which do not call for struc- 
tural alterations in existing plant. Vitriol plant does not lend 
itself to extensive alterations after erection. The muts of the 
plant are mostly built-up units, they are not easily altered, and 
consequently any modification, to be readily adopted, must be of 
such a nature as to be feasible without calling for extensive 
structural alteration. 

Such a change can be effected in the method of introducing 
the requisite nitric acid. The generation of this in the old nitre 
pots does not lend itself to accurate control. The potting is an 
operation which is somewhat clumsy and wasteful, and con- 
sequently a simpler method has found favour with many vitnol 
makers. By feeding liquid nitric acid down the Glover tower 
the proportion of acid can be carefully controlled, pottmg is done 
away with, and economy of nitric acid is effected. 

Much has been heard during recent years of radical altera- 
tions in the design of vitnol chambers, but here, again, the 
tendency in this country is certainly not in the direction of 
discarding the old design. The difficulties in the way of struc- 
tural alterations to existing chambers are obvious. In Germany 
chambers have been erected which are tower-like in construc- 
tion. The oblong form has been abandoned, and instead of cham- 
bers 120 feet long by about 20 feet in height, we find shorter 
and loftier structures. The cause for this modification is found 
m the theory that condensation is greatest where the burner 
gases have a longer vertical fall from entrance to outlet. Hence 
the tendency towards lofty chambers. But obviously this prin- 
ciple cannot be applied to existing chambers of the old type. 
That it is a sound theory seems to be borne out by the results 
of working in the “ tower ” chamber In these latter the ten- 
dency is to make the height greater than the length or width. 
Guttmann (“Journal of the Society of Chemical Industry,’* 
1908, p.' 667) mentions a rectangular chamber, which, as 
originally built with a height of 20 feet, worked at 14 cubic feet 
per ton of sulphur burned per twenty-four hours, has been re- 
built with a height of 40 feet, and now works at 11 cubic feet 
per ton of sulphur The gases led m at the top of the chamber 
travel slowly downwards, forming eddy currents; when the 
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height of the chamber ia greatly increased, the length of the 
path of the gaseous currents is increased proportionately, and a 
greater period is allowed before the exit is reached. 

Another modification which does not call for structural 
alterations is the use of fans for controlling the draught in the 
sytem In the old method of working, where the suction of the 
chimney was rehed upon, the result was at times far from 
satisfactory. It has been found that by the use of specially con- 
structed fans the draught can be kept under exact control and 
the output of the plant materially increased. 

The same remarks as to the reluctance of manufacturers to 
adopt modifications which are of the nature of additions re- 
quiring structural alterations, applies to the introduction of the 
necessary moisture into the chambers. It was formerly the 
invariable rule to supply the requisite moisture by means of 
steam jets. This raised the temperature of the vitriol chambers, 
and as the result of experiment it has been found that if water 
is introduced in the form of a fine spray, the reaction tempera- 
ture ia kept down and the output of the chamber is greater. 
The substitution of water sprays in place of steam calls for 
a greater height of the chambers to ensure complete vaporization 
of the water before it reaches the bottom of the chamber. 
To secure this additional height, cones or cylinders have been 
added to the roof of existing chambers, the water spray being 
placed in the upper part of the cone. 

Another modification is the introduction of plate towers 
between the chambers. This considerably increases the reaction 
euiface, and much acid is condensed in the towers. 

Glover towers composed of volvic lava blocks have been 
used on the Continent, but there is little likelihood that such a 
system will be extensively adopted m this country, as the cost 
of the blocks is too heavy to permit of their displacing the older 
forms of tower construction. The advantages which are claimed 
for these towers are that they can now be made to stand by 
themselves ,- that even if a thin outer shell of lead is used the 
amount of lead required is less than in the old-form Glover ; ’and 
that no timber structure is reqmred, as feed-tanks can be dis- 
pensed with by the use of automatic elevating and feeding 
apparatus. ° ^ 

With regard to the Gay-Lussac tower, the use of automatic 
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acid elevators has simplified the feeding of this. It is now not 
an uncommon method to provide a central Grlover tower to take 
the nitrous gases from several Gay-Lussacs in the case of very 
large plants. 

Circular chambers have been introduced, provided with in- 
terior vertical partitions in the form of spirals, so that the gases 
are compelled to pass through the chamber in spiral fashion. 
The partitions are made of porcelain, and may be perforated. 
The advantage claimed for these Meyer chambers is that a 
longer period of traverse is secured for the gases, and that 
greater condensing capacity is thus obtained. Meyer's tan- 
gential chambers are provided with two or more tangential 
inlet tubes at suitable distances apart and at different levels. 

By the use of these various modifications it has been shown 
in practice that the yield of acid per cubic foot of chamber space 
can be very materially increased The increased output neces- 
sitates much greater care in working, and it follows that the 
labour charges will be higher. The question of the life ” of 
the “tower ” chambers now being used m Germany has been 
discussed. The old-fashioned chamber, when not worked too 
hard, had a life which in some cases was as long as fifty years, 
whereas “ tower " chambers worked on what may be termed the 
intensive system would probably not last for more than twenty 
years. 

The outstanding result achieved by the introduction of these 
various modifications m the working of the old chamber process 
IS that it IS easily possible to increase the output of the plant by 
such means as water sprays, feeding of liquid nitric acid, the 
use of fans, etc., and this fact has done much to delay the in- 
troduction of the contact system into this country 
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In dealing with hydrochloric acid plant, the first portion of the 
plant to be considered is that connected with the decomposition 
of the salt in the roaster, or salt-cake furnace The form of 
furnace that is now most generally used is that of the plus- 
pressure type. The advantage of this over the usual mufifie 
furnace is that by placing the fireplace at a considerably lower 
level than the body of the furnace the gases coming away from 
the furnace have a tendency to leak into the muffle, instead of 
the gases from the muffle leaking into the flues. This will be 
more apparent on following the description of the furnace shown 
in Plate VI. The depth of the fireplace will be seen to be some 
7 ft below the working-floor level of the salt-cake shed, and as 
the firing is done from the floor level, it is only necessary that 
the ash-pit which is sunk to the level mentioned below the floor 
hue should be of sufficient size to give ready access to the ashes 
or for the renewal of the fire-bars, as the case may be A ver- 
tical cast-u-on ladder should be built into the wall, for the pur- 
pose of getting down into this ash-pit. 

It will be noticed that the fireplaces are built separately, 
and for the sake of strength the four sides of each fireplace am 

V I leavmg a vertical airshaft 

between the two fireplaces to the full height of the furnace shaft. 

The fire-bars are at a convenient height above the ash-pit floor 

into’thfTT ^ fire-bars air-holes pass through the side walls 
into the vertical air-shaft between the two furnaces The cast- 

fuma^ce water during the working of the 

of the mS pass over the top 

down toTstiel *bere drop 

f flues running underneath the muffle to the 

(,»b) 
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fuxnace end again, where they join m a flue which has a branch 
passing underneath the decomposing pan, or continuing direct 
on its way to the mam flue leading to the chimney. If the heat 
is required underneath the decomposing pan the damper in the 
by-pass leading to the main flue is closed, and the one leading 
to the decomposing pan is open, or vice-versa. It will be observed 
that the pan is placed on one side of the furnace opposite to the 
side on which the charges are withdrawn from the muffle. A 
cast-iron pan of the type shown in the illustration is that in 
most general use, and the flange round the side is useful for 
taking up the thrust of the arched cover which is built over the 
top of the pot. The thickness of the pan bottom, it will be ob- 
served, is much greater than at the sides where it joins the 
flange, as this is the portion which has the most wear and tear, 
and 18 generally about 2 ^ inches thick 

The setting of the pot requires a good deal of care in the 
arrangement for protecting it from the direct heat of the fur- 
nace. A common form of setting, and one which we can re- 
commend, is to tmrn a pigeon-holed arch over the top of the flue 
conveying the gases from the furnace, and thus baffling the flame 
from striking directly on the bottom of the pot. The same 
effect can be obtained by fire-clay slabs built over the entrance 
for the gases, in such a manner that they strike the top covenng 
blocks before finding their way to the underneath of the pot. 
The flue from the pot joins up to the mam flue to the chimney, 
and IS regulated by another damper. In some cases, further 
advantage is taken of the heat before the gases pass away into 
the mam flue, by allowing them, after leaving the pot, to pass 
under a supplementary heater for the acid feeding the pot, in 
which case this heater occupies a position immediately behind 
the salt-cake pot, and with an arrangement so that the gases can 
either pass under it, or, by closing a damper, they may pass 
away to the main flue. In a furnace of the dimensions given in 
the drawing three doors for withdrawing the charges from the 
muffle are provided. The type of door which is most handy for 
this class of furnace is a balanced door which can be raised or 
lowered readily, the chain supporting the door passing over 
pulleys, with suitable counter-weights. The dead-plate forming 
the bottom of the door should be placed level with the floor of 
the muffle, and just within the door space an opening is formed 
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for the purpose of allowing the charges, when being withdrawn 
from the muffle, to drop down into the hopper which is placed! 
under each doorway. These hoppers are usually made of wrought 
iron, and are partly built into recesses in the side wall of the 
furnace, and made with a slope, so that the doors of the hoppers, 
which are closed during the drawing of a charge from the fur- 
nace, will more readily fall to their frame than if placed in ani 
upright position, the object of the hopper boxes being to protect 
the workmen from the fumes that are given off from the roasted 
salt-cake. In the older fonn of roaster the charge was raked 
out on to the floor, but in this form the cake drops into the 
hoppers, and the gas rises up through the aperture into the 
muffle. 

The gases coming away from the muffle are in many cases 
conveyed by a separate pipe from the muffle and connected to 
condensing cisterns, as these gases are weaker than those coming 
away from the salt-cake pot. The flue taking the gases from 
the pot is taken from a point directly over the centre of the pot, 
and by means of pipes the gases are conveyed to another stone 
condensing cistern. These stone cisterns are used as a pre 
liminary to the gases entering the towers where the mam con- 
densation takes place. The number of the condensing cisterns, 
varies in many works, and in some cases where the towers arc 
of very large area cisterns are dispensed with, but Lunge and 
other good authorities are m favour of their use. 

The pipes used for conveying the hydrochloric acid gases are 
generally of earthenware, unglazed, thoroughly well boiled in 
coal tar, as, next to glass, these are found to resist the action of 
the condensed acid as well as any material, glass being far too 
expensive to use for this purpose, as well as being so liable to 
fracture. 

The pipe-line connecting the salfc-cake furnace with tlie 
cisterns should have a fall towards the cisterns, and the jointing 
material should not only surround the spigot end, but should 
also form a joint between the end of the pipe and the socket. 
In this way a firmer joint is made than where the spigot end of 
the pipe comes in direct contact with the socket of its neigh- 
bouring p]pe, but the jointing material should be well cleared 
off from the inside of the pipe as each length is placed togethei'. 
A timber runway is the handiest arrangement for supporting 
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the pipe connections, with cross^supports at intervals under- 
neath each pipe. 

The hydrochloric acid towers may next be considered. 
Owing to the nature of the acid dealt with, and also to the great 
weight which a tower of this description places on a small area 
of ground, the towers require very careful building, A stone 
foundation, built up with a jointing material of coal tar and 
sand mixed, forms as good an arrangement as any that has yet 
been tned, and a thick layer of asphaltum should form the top 
dressing. The height of the base of the tower, or pedestal, 
depends greatly on further processes connected with the use of 
the acid, as, for instance, where the Weldon process is in opera- 
tion in an alkali works a height of 20 feet would not be too 
great, but where the acid itself is only required, 10 feet would 
probably be sufficient for running into further receptacles, such 
as supply cisterns. 

The bottom of the tower is generally formed of one large 
stone, from 10 inches to a foot in thickness The tower is 
rectangular, and formed of carefully selected stones jointed as 
shown in the drawing. The stone slabs are further supported 
by a frame of timber and iron bolts, which tie the com-’ 
ponent parts together. The tower top is covered over with 
a stone, in which a series of lutes are formed, and through 
which the condensing water trickles over the packing matenal 
in the tower. The gases enter at the bottom of the tower, 
through an earthenware pipe carefully stemmed into an opening 
cut through one of the side stones, and above this inlet for 
about two feet is a clear space before the packing of the tower 
commences. The packing is supported by stone blocks spanning 
from side to side of the tower, or where the dimensions of the 
tower would throw too great a weight of packing on such sup- 
ports, intermediate vertical supports are introduced, and spaces, 
are left between these supports for the gases to escape up the 
tower and find their way through the packing to a clear space 
at the top of the tower. 

Hard coke, as m the Gay-Lussac, has been generally used as 
a packing material for hydrochloric acid towers, but many of the 
other forms of packing material now on the market may safely 
be recommended. It will be remembered by many engaged in 
the alkali trade, that a serious accident occurred at one of the 
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Tr 3 ^e works some years ago, wlien the packing of cok© iu a tower 
became dry and set on fire, resulting in the collapsing of the 
iower, fetching down with it one or two adjoining towers and 
'entailing serious loss of life. 

The tower woodwork is continued above the stonework top, 
so as to form a support for the water tank for flushing the tower. 
'The tower top is reached by a series of stairs, with platforms at 
suitable distances. The exit for the gases is taken out from 
one of the side stones a little below the luted stone cover, with 
a sampling arrangement near the ground, for testing the gases 
before they enter the flue to the chimney. 

A simple arrangement for flushing the tower, and one that 
is still much in use, is that of the tumbling trough. This is 
‘Composed of a long trough, the full length of the tower top, 
placed in a central position, and divided in the centre longitU- 
■dmally, forming a V-shaped trough on either side of this central 
•division. The ends are pivoted, and the action is that the water, 
running on to one side of the central division, fills that side 
with water until it overcomes the equilibrium of the empty side, 
when the trough falls over and discharges its contents over the 
top of the tower. The other division is now filled up until such 
time as its weight reverses the action, the water supply being 
regulated by the tap feeding the trough 

The water cistern at the top of the tower is similar in con- 
struction to those described in other sections. 

Fig 27 shows a small plant by Messrs. Doulton & Co., Ltd., 
of Lambeth, for the condensation of the hydrochloric acid driven 
•off in the salt-cake furnaces The gas from the pan and muffle 
are taken tlixough separate fire-clay pipe-lines to small tar-boiled 
stone columns, in which considerable cooling is effected, the 
temperature of the gases on leaving the furnaces being much 
too high to permit of their being taken directly into the stone- 
ware vessel 

The gases pass through the receiver, battenes, and standpipes, 
to absorption towers of large capacity, which are ultimately 
connected to the chimney flues. 

The towers are fed with water, which flows from the bottom 
of the tower to the receiver battenes, flowing from vessel to 
vessel through short glass tubes connecting the inlets made in 
~the receiver for that purpose These inlets being placed about 
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In the nitric acid plant the chief feature is, of course, the stills. 
In many cases a house is devoted entirely to these, and this 
is especially the case in works designed for the manufacture of 
explosives. 

A plant on the Valentiner system is illustrated in Plate 
VII. The stills, as will be seen, form a battery of six In this 
case the still itself consists of two parts; the cast-iron body, 
or receptacle, being made in one part and the cover forming a 
separate portion. 

Provision is made on the floor level for running out the 
nitre-cake at the end of each operation, and the arrangement 
generally consists of a cast-iron trough running the whole length 
of the battery of stills, but at some distance from the still itself, 
as in this case it is customary to have an independent shute, 
which is operated by an overhead attachment, so that the shute 
can be placed underneath the spout of any one of the stills for 
discharging into the nitre-cake trough. 

Many mtric-acid makers have experienced difficulty in break- 
ing up the Litre-cake after it has set in the troughs, and to render 
this operation easier the troughs are sometimes made with a 
raised-up portion or nb, which partly divides the nitre-cake into 
separate cakes (slabs), which are more easy to manipulate. 

We have seen arrangements of this plant, where the run-off 
troughs have been arranged outside the still-house, and this 
practice has undoubtedly certain advantages, but in any case 
a store is necessary for the nitre-cake, as it is not usual to work 
up this by-product on the spot. In the majority of works the 
practice is to store the nitre-cake and sell it to other manu- 
facturers who are laid out to deal with it. 

( 92 ) 
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A quantity of acid drains away from the nitre-cake m the 
store, and it is, therefore, necessary that the store should be con- 
structed of acid-resisting material to such a height as storage 
“takes place. The floor should be laid with a fall towards a 
gutter leading to a mother-liquor well, from which the acid can 
be pumped up again for further use. 

The still proper generally lasts much longer than the still- 
head or cover, in many cases three of these latter being required 
before the still itself has to be broken up. In some methods of 
setting the still, the wear and tear on the covers has been lessened 
by allovnng the setting to be continued over the top of the cover, 
thus causing the heat to circulate round the cover as well as the 
still. 

The gases coming from the still-head are passed through a 
worm which is immersed in a wooden tank with inlet for cold 
water, and provided with overflow. 

The worm that we have found to last best under the trying 
•conditions which the condensing of nitnc acid involve is that 
made by Drs. Plath and Piepmeyer. The outlet from the coil 
is connected -with a senes of Woulff’s bottles, from which the 
flnished acid is drawn. 

The store for nitrate should be situated in close proximity 
to the nitric-acid stills, but it should be so separated as to prevent 
any risk of fire, as it is well-known that nitrate is very inflam- 
mable, so much so that m military explosives works great atten- 
tion is given to the construction of the ventilating arrangements 
to such a house as to render it almost impossible for any spark to 
reach the store. In our own experience we have found it quite 
sufficient to keep the house separated from any building in which 
direct firing is used, and to so arrange it that a supplementary 
supply of nitrate from the store can be kept on a level with the 
top of the stiUs, so that it can be readily fed into them. 

The acid store-tank for supplying the stills is best situated 
on a slightly higher level on this floor, so that the supply pipe 
leading from it to the stills has a sufficient fall to allow the acid 
to run readily into them. This tank should be of such dimensions 
and with such an arrangement for measuring the depth of acid, 
that the supply to the stills can be easily controlled. A very 
ordinary and simple method of measurement is by suspending 
strips of lead into the cistern, marks on the lead showing the 
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depths correspondirig to certain quantities of acid contained in 
the tank. 

In connection with the Valentmer process the arrangement 
for the pumps to maintain the vacuum requires special attention. 
These pumps should always be arranged in duphcate, so that 
should one break down no stoppage of the plant occurs, and in 
planning the arrangement of pipes this requires a good deal of 
attention. This system of pipes is frequently connected with a 




battery of condensing pipes, of which Guttmann’s is one of the 
best forms The pipes comprising the batteries are of special 
glazed earthenware, and are placed in tanks constructed of 
timber with connections for circulating the cooling water. 

We cannot emphasize too strongly the necessity for using 
the very best rubber in the valves of pumps used in connection 
with this plant, as in actual experience we have had considerable 
trouble where inferior rubber has been used. 
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The pumps should be of ample capacity, and where electricity 
is the motive power they can be belt-driven or coupled direct to* 
the motor. 



In planning the nitrate house, care should be taken that it 
shall occupy a very dry position, as nitrate very readily absorbs- 
moisture. The nitrate is generally delivered in bags, and where 
use is not made of the bags, these are stored, and washed in 
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warm water, the washings being evaporated and the nitrate 
orystalhzed out. As the pressure of the nitrate against the walls 
of the house is very considerable, this must be taken into account 
when proportioning the thickness of the walls, the same remark 
applying to the walls of the nitre-cake store. 

In connection with the mother-liquor well, an acid egg is 
probably the handiest means of raising the acid to supply tanks 
for further use. 

Fig. 28 shows a small nitric acid plant by Messrs. Doulton 
& Co., of Lambeth. The illustration represents an ordinary 
plant for two small cylinder stills. The number of receivers is 
adjusted to the daily output of the still, the use of the condensing 
worms being optional. A wash-tower, suitably packed with 
coke, or -with stoneware balls or rings, may be connected to 
several batteries, to effect the final condensation of the gases 

The apparatus shown in Fig. 29 represents a plant by Messrs. 
Doulton & Co., for an output of about 1 ton of nitric acid 
per day. The plant includes several improvements m detail, 
the capacity of the receivers being supplemented by long stand- 
pipes to a common collecting jar, in which the acid of all the 
receivers and the worm is mixed, and the receivers being kept 
empty, their full condensing power is utilised. An end tower, 
packed with coke or hollow stoneware pieces, is provided to 
wash the exit gases. 


CHAPTEE Vni. 

NOTES ON HIGH EXPLOSIVES PLANT. 

.In touching on high explosives, reference is made mainly to 
those in which nitro-glycerine compounds play the most impor- 
tant part. 

The chief features of a high explosives factory may be 
divided into three groupings * (1) the group comprising the acid 
manufacture ; sulphuiuc acid, if this is made on the spot instead 
of being purchased, and nitric acid, this latter dealing also with 
the mixed acids and the concentration of the weak sulphuric 
acid ; (2) preparing the gun-cotton, and nitrating, washing, pulp- 
ing and drying, bringing the product to the stage of gun-cotton ; 
and (3), the manufacture of mtro-glycerine and incorporating 
with the gun-cotton to form cordite. 

In the manufacture of vitriol for use in the production of 
high explosives, an acid practically free from arsenic is required, 
and the acid is usually made from sulphur, requiring a different 
form of burner to that described for the manufacture of sulphuric 
acid from pyrites, but the chambers are practically the same, 
and therefore do not require further description here. 

We have already described the plant for the manufacture of 
nitric acid for general use, but with regard to its manufacture 
relative to explosives, the dealing with the waste acids returned 
from the mtro-glycerine department, and also the mixing of the 
acids for the nitrating department, necessitate considerable ad- 
ditions to the acid plant Concentration plant is also necessary 
for bringing up the weak sulphuric acid to the reqmsite strength 
for re-use. The plant most recently adopted for concentration, 
especiall}'' in connection with explosives manufacture, is that of 
Kessler, which is now well known 

The mixing of the acids is all performed by compressed air, 
this being also used for conveying the acids to the nitrating 
department and also to the mtro-glycerine department. 

( 97 ) 
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GmrOoUon . — Dealing with the gan-cotton department, the 
first process is that of opening the cotton waste and picking it, 
after which it is passed through a “ devil’* or breaking machine. 
On leaving the breaker, it is further hand-picked, to free it from 
all impurities and dirt, and then placed in a drying stove, which 
IS usually steam-heated to the required temperature. A weighing 
machine is provided here, for weighing the different charges 
given out to the workmen for nitrating, and the cotton after 
being dried in the stoves is placed in air-tight tins preparatory 
to use, in order to prevent the absorption of moisture from the 
atmosphere. K 

The nitrating or “ dipping ” house usually adjoins the cotton- 
drying department, the cotton being passed through apertures 
in the wall dividing the two sections. In the dipping house, 
each workman has an acid tank for dipping the dried cotton, 
immediately it is received from the drjnng house. A hood ex- 
tends over these tanks and is provided with a fan-shaft, to take 
away the fumes which emanate from the tanks during the 
dipping process. Immediately on dipping the cotton, the 
workman squeezes it as free as possible from acid by specially 
made hand squeezers, and places the nitrated cotton in earthen- 
ware vessels provided with lids. On having worked a charge of 
these in the pots ranged at the back of the man, he then 
takes them to the coolmg troughs which extend lengthwise 
of the house, and which are kept filled to a depth almost equal 
to the depth of the earthenware pot with cold water. 

The roof over the dipping house should be provided with a 
louvre. Great care must be taken that the louvres are sufficiently 
deep to prevent ram being driven in, as in the event of any of the 
pots being uncovered and water dropping on the contents, these 
would immediately take fire. 

The nitrated cotton, after remaining for the correct length 
of time m the earthenware jars in the cooling pits, is conveyed 
to a centrifugal, where the contents are quickly emptied into 
the basket of the machine and covered with a special lid. The 
bulk of the nitric acid still remaining in the cotton is thus ex- 
pelled, the acid running away to an egg, from which it can 
be returned to the nitric acid department, and the cotton is at 
once plunged into tanks of water, these tanks being constructed 
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in like manner to other acid tanks, that is, with timber frarne^^ 
work, and are lead-lined. 

This preliminary washing of the nitrated cotton has to be 
done quickly, otherwise it would take fire. It is not an infre- 
quent occurrence for a centrifugal of the nitrated cotton to ignite, 
and even when this does not happen, considerable fumes are 
given off from the centrifugal during the operation of “whizz- 
ing,” and a cowl, with fan attached for carrying away the fumes, 
IS also necessary here. After washing in the lead-lined vats, the 
cotton IS again placed in centrifugals, and on leaving these it is 
earned to the boiling department. 

The boiling is performed in large wooden vats, having a false 
bottom, and fitted with perforated steam pipes underneath the 
false bottom. As the vats are usually made from nine to ten 
feet deep, the working floor is generally raised in the form of an 
open woodwork grid, the level of which is placed at from 3 feet 6 
inches to 4 feet from the top of the vats. Here, again, the 
nature of the process requires a well-ventilated house, and the 
louvre type of roof is admirably adapted for this purpose. The 
vats most commonly in use are made of Scotch fir, and generally 
taper in the same way as brewers* vats, so that the diameter at 
the top is about a foot less than at the bottom. The false 
bottom already mentioned is placed about 12 inches from 
the bottom of the vat, and is usually pierced with circular holes, 
and IS so arranged that it can be removed to give access to the 
perforated steam pipe placed underneath it The vats are 
generally made of 2-inch timber, and are circular in shape, 
bound round with iron bands at suitable distances in the height. 
In some cases, oak vats are preferred, but the cost of these is 
greater, and as their life is not much longer than those of good 
Scotch fir, they are placed at a disadvantage in comparison with 
the latter, in this respect. 

The next process after boiling the nitrated cotton is that of 
pulping. After running the water away from the vats, the 
cotton IB passed into the beater house, where a thorough pulp- 
ing takes place. 

From the beaters the pulp runs away by means of troughs 
to the centnfugals, where it is once more dried, and is ready for 
taking to the wet stores, whence it is given out for finishing off 
in the drying stoves 
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This brief description completes the gun-cotton process In 
the manufacture of cordite, as previously mentioned, nitro- 
glycerine and gun-cotton form the chief ingredients As regards 
the actual manufacture of the mtro-glycerme, this takes place in 
a house which is commonly known in works of this kind as the 
nitro-glycenne hill. In common with most other buildings in 
an explosives factory, this house is constructed of timber, and, as 
far as is consistent with strength, is as light as possible, especially 
as regards the roof and sides The apparatus used vanes in 
design, but the chief feature is the mixing vessel, which is usually 
made of lead, with observation glasses on the cover, while inside 
it IS fitted with cooling coils through which water circulates, to 
keep the contents at a given temperature. The mixmg of the 
acids and glycerine is done by means of compressed air. The 
refrigerating plant supplying the cold water, and also the air 
compressors, are contained in a bmidmg at a stipulated distance 
from the nitro-glycerine hill, according to the regulations apper- 
taining to explosives factories. 

Centrifugals for Gun-cotton. 


The machines shown in Figs. 30 and 31 have been specially 
designed by Messrs. Pott, Oassels & Williamson, of Motherwell, 



J?ig. 30 — Maohine for Drying Gun-ootton 
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Scotland, for drying gnn-cotton after being treated with nitnc 
acid. The baskets are made of wrought iron with specially 
rounded covers so as to facilitate the removal of the gun-cotton. 
The outer cases are made of cast iron so as to withstand the 
action of the acid, and are strengthened outside with a steel 
case. The machines are fitted with hinged or lifting covers, 
and with vent pipes connected with a steam jet or fan to carry 
away the acid fumes. 

Fig 32 is a special machine designed for nitrating the gun- 
cotton and drying it in one operation, thus doing away with 
handling the gun-cotton from the nitrating tank to the centrif- 
ugal The basket is made solid, that is, not perforated. The 
cotton IS put into the basket, which is then filled up to the 



flanged lip with nitric acid. After being well soaked, the machine 
is started and the surplus acid is discharged through the open- 
ing or slit between the flanged lip and the cover of the basket. 

In the apparafus shown in Fig. 33, by Doulton & Co , Ltd., 
the mixed waste acids from the manufacture of gun-cotton, etc., 
are separated, and the nitric acid condensed The mixed acids 
are run into the first column, which is packed with quartz or 
other suitable filling, and separation of the sulphuric and nitric 
acids is effected by the injection of steam. The dilute sulphuric 
acid runs off at the bottom into a cooler, and is subsequently re- 
concentrated for further use, while the nitric acid vapour is 
condensed in the receiver battery shown The weak acid can 
be circulated m the towers until strong enough to be of use. 
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33. — Denitration Apparatna, by Donlton & Co , Ltd. 
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Aie Compebssoes. 


Compressed air is daily finding a more extended use iu 
chemical works, and in all manufacturing operations of a 



Big 84. — The “ Sentinel ” Compoiind Interaooling Air CompreBSor. 

chemical nature. Chermcal and explosives works m particular 
often extend over considerable areas, about which are placed 
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small engines and pumps. In explosives works it is not advis- 
able to use electric motors, and in many cbeinical works the 
acid vapours would render the upkeep of the conductors and 
the electric plant generally an expensive and troublesome mat- 
ter. Over such large areas the condensation of steam and the 
upkeep of the water-logged steam pipes is very wasteful, and in 
such works compressed air is capable of effecting considerable 



economies. It may be and is used very advantageously for driving 
isolated engines, pumps, and hoists ; for blowing, elevating, and 
agitating liquors , and for various special purposes. Acids can 
be moved about without dilution, and without coming into con- 
tact with anything but the piping, while a compressed air supply 
IB of course necessary in oxidizing processes. 

Figs 34 and 35 show a “ Sentinel compound mtercool- 
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ing steam-driven compressor, by Messrs. Alley & MacLellan, 
Limited, of Glasgow, capable of delivering 5000 cubic feet of 
free air per minute ; 1001b. air pressure, 160 lb. steam pressure. 



Pig. 36.— “ Sentinel ” Steam driven Compound Interooolmg Air Compressor 
single-line machine, by Alley & MacLellan, Ltd. 

This is a very powerful installation ; but smaller units of plant 
are equally efficient. 

Many air compressors are very wasteful of power, but this is 
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not the case with the type of machine here illustrated. The 
makers have brought to bear their great experience in the 
construction of a machine which gives a very high economy. 
As an indication of what it is possible to achieve in this direc- 
tion, a horizontal air compressor of 400 feet capacity has been 
replaced with a ‘‘ Sentinel ” of 1200 feet capacity, with a guaran- 




mroiscR^^Ro 




A,; 




■>Mii 



tee that no more steam should be used for the larger output. 
This machine cost the buyers £1200, and saved its entire cost in 
fifteen months. 

Fig. 36 shows the ” Sentinel ” steam-driven compound inter- 
cooling air compressor — single-line machine with simple steam 
cylinder. These machines are made with one, two, and three 
lines of parts, with simple and compound steam cylinders, all 
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having air compound cylinders fitted with intercoolers. The 
illustration shows the cylinders and their gear in section. 

Fig 37 shows a ‘‘ Sentinel single-stage compressor, for 
working pressures to 60 lb per square inch. This machine is ar- 
ranged to discharge air at the working pressure from both above 
and below the trunk piston head No intercooler is required, 
The “Sentinel Junior” single-stage compressor, shown in 



Fig. 38, “ Sentinel Junior *' Single-Stage Au Coinpresaor, by Alley & 
MacLellan, Ltd. 

i'lg. 38, will be found convenient where only a small amount 
of compressed air is required, or where compressed air is not 
constantly used, or for low-pressure work Under such condi- 
tions the saving in power by using compound mtercooling would 
imt justify the extra expenditure, and in the case of low-power 
this type of compressor is quite as economical. 



CHAPTER IX 


SULPHATE OF AMMONIA PLANT. 

Again the vitriol chambers figure prominently in the manu- 
facture of sulphate The question of erecting their own sul- 
phuric acid plant IS one that has received much attention during 
recent years on the part of large makers of this product, 
such as gas works and corporations, as also in connection with 
recovery plant for dealing with the by-products from coke ovens. 

In the case of gas works, it has been the custom to deal with 
the gas liquor on the spot, treating the gas liquors for the re- 
covery of ammonia as sulphate, and disposing of the tar to the 
tar-diatiller for subsequent treatment, as the separation of the 
animoniacal liquor from the tar is readily effected at the gas 
works. 

In the smaller gas works dealing with the liquor produced 
from the carbonization of moderate quantities of coal, the method 
of operation is generally as follows 

The liquor is subjected to distillation by means of steam in 
a column still. The plant consists of the following parts. 
Starting from the store tank, which is often placed underground, 
and of concrete or brick ceinent-hned construction, the liquor 
is raised to an over-head supply tank of cast or wrought iron, 
placed sufficiently high to be well above the stills. Between 
the supply tank and the still it is customary to place a smaller 
regulating cistern, which can be easily adjusted to the capacity 
of the still. 

The Still — Many forms of still are in use, suiue of which 
are better suited. for dealing with a weak liquor than others, but 
the type most generally employed m gas works, where the 
strength of the liquor is usually equal to 8 ounce, are more or less 
of the Coffee pattern, which consists of a cylindrical column of 
cast iron, built up of segments forming trays. The liquor, 
entering at the top of the still, finds its way liom tray tu tray, 

(lOU) 
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until finally it flows out from the bottom segment, free from 
ammonia. 

In some patterns the still combines three portions : an upper 
series of trays ; a central portion ; and a lower senes of trays. 
In the central portion, which is usually equal to the combined 
depth of the upper trays, lima in the form of a milk is admitted, 
and in the lowest segment of the lower senes steam is admitted' 
the steam finding its way up the still through a senes of openings 
m the trays, these openings being covered with a cap forming 
a lute. The steam bubbles through the liquor, and ultimately 
finds its exit from a pipe in the top part of the still, known as 
the still-head. 


The pipes conveying the liquor from tray to tray stand up 
above the liquor in the one tray, the lower portion of the pipe 
projecting through the tray into the tray immediately underneath 
it, and dipping into the liquor in that tray to form a seal. In 
this way none of the ammonia gas liberated by the steam can 
escape through these dip-pipes, but is forced to bubble its way 
through the liquor through the serrations in the cap placed over 
the gas inlet of each tray. 


The free ammonia is set at liberty by the steam in the upper 
trays, and the liming chamber is introduced to supply the lower 
trays with milk of liine for the purpose of liberating the re- 
mainder of the ammonia (which is present in the liquor in the 
fixed condition) as it flows through the series of lower trays. 

In many cases the liquor as it leaves the still with a l^ge 
amount of hme in suspension is run away into settling tanka, 
but sometimes, before doing so, advantage is taken of running 
It through a senes of pipes, or a coil placed in a tank in which 
the water for the milk of lime pans can be heated before being 
fed into the liming chamber. Before tbe crude liquor enters the 
still, It 18 heated by means of the waste heat coming away from 
another portion of the plant known as the satmator, which 
^11 be described later. The gases from tbe saturator are passed 
rough an apparatus known as a beater, of which, again, there 
are many forms. In some cases the heater takes a similar form 
to the still the difference being that the gases from the saturator 
enter the lower chamber, from which a series of pipes pass 
roug a centre chamber and terminate in an upper shallow 
cnamber. The gases pass up the pipes and away from an exit 
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pipe from the upper part of the chamber, and the liquor from 
the regulating tank flows into the middle chamber surrounding 
the pipes through which the hot gases pass, thus heating the 
liquor before it enters the still. 

The Saturator. — The saturator is a lead-lined vessel divided 
into two portions, in one of which the gases frotd the still enter 
through a continuation pipe from the still-head to the bottom of 
the saturator, and ending in a branch pipe perforated with a 
number of holes. The other portion, of the saturator is open at 
the top (see illustrations, Tigs. 39, 40, 41 and 42). The covered 
part' of the saturator has another pipe, already referred to as lead- 
ing the hot gases generated in the absorption of the ammoma, 
to the heater. The saturator mentioned is the cheapest form, 
where hand- fishing of the sulphate is adopted, but even where 
hand-fishing is still in use, if the initial expense is not a serious 
consideration, we strongly recommend the solid lead saturator 
which is to be found in more modem works, as the life of this 
IS far greater, and there is very little risk of leakage, which is 
more likely to occur with a timber lead-lined vessel. We have 
seen many of these solid lead saturators in use, and the accom- 
panying illustrations show one of these, as made by Messrs. 
Joseph Taylor and Co., of Bolton, who have made a speciality 
of this class of work. 

The lead used in the building of the plate-lead saturators 
illustrated is manufactured by Messrs Holman Michell & Co., 
of St. Helens, Lancs., who are well-known by reason of their 
long and successful specializing in the production of “ chemical 
lead ” for this purpose and also for vitriol chamber construction, 
etc. Messrs. Holman Michell & Co.’b lead-rolling mill is one 
of the largest and best equipped in existence, and in it the lead 
plates for the construction of the satm’ators (which are made 
up by Messrs. Joseph Taylor & Co.) are made The ingot lead 
used 18 from the finest ores, desilverized by the Pattinsonian 
process, and after melting down and again refining the metal 
is run off into a block 9 feet by 8 feet by about 6 inches deep, 
and weighing about 10 tons. This block, when somewhat 
cooled, IS lifted and run under the rollers of the mill until re- 
duced to the desired thickness, and can then be cut into the re- 
qmred sizes. Prom a block of this size plates 8 feet or 9 feet 
wide can be rolled, or thinner sheets of 40 feet in length can be 
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obtained. The saturators must be made up with a minimum 
of seams, and this burning is done by a special process, giving 
Beams which are clean, solid, and dense throughout. 

In the workmg up of ammoniacal liquor, the quality of the 
leadwork, and particularly the saturator, is most important. 
In dealmg with boiling sulphuric acid (and sulphate of ammonia 
cannot be successfully produced without a good boil in the 
saturator) only lead of the very best quality is adnussible, as. 



SOLID PLATE LEAD SATDRATOR. 
TOTTENHAM & EDMONTON. 

SASCO.IULV.'OOO. 



Fig. 39. — Sulphate of Ammonia Satuiatoi, by Joseph Taylor A' Co 

apart from the loss sustained through leakages, there is the 
subsequent uplifting of floors and foundations, and cracking of 
buildings due to the great expansive nature of the leaking liquor, 
when this has once permeated the floor and surroundings. 

Saturators in coke-oven and blast-furnace plants are on the 
boil year in and year out, boiling continually, so that the ques- 
tion of constructing a saturator which will keep its shape, apart 
from its lightness and effectiveness, is a most important one. 
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Fig. 40 shows a saturator, sulphate drainer, and sulphate store 
at the Leigh Gas Works, Lancs. In Fig. 39 a solid plate lead 
saturator such as described above is illustrated, being fitted with 
double detachable ammonia pipes, man-hole and lid, waste gas 
pipe, detachable steam pipe, and detachable acid pipe. Fig. 42 
shows an overhead view of a inch plate-lead saturator worked 
from one plate, with one seam only, while Fig. 41 shows a 
saturator fitted with well for Wilton’s discharger. 

Milk of Lime , — There are various forms of apparatus for 
mixing up the milk of lime, such as the circular agitated milk 



Pro 40.— Salphate Saturator, Drainer, and Store. 


of lime pans used in alkali works, or the very neat »P‘ 

paratus in which a steam jet is used, as made by Messrs. 

Meldrum Bros, of Manchester. 

M^seellaneom —Apart from this plant, there is the acid supply 
tank, water supply, and mother-liquor well, which receives its 
supply from the liquor draining away from the sulphate after it 
has been fished from the saturator by means of a perforated 
scoop and deposited ou the draining table, which is generaUy 
situated to the left hand of the sulphate maker. 

Adjoining the saturator is the sulphate store, and a 
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the preliminary draining of the sulphate on the draining table 
adjoining the saturator, this is generally thrown from the 
draining table on to the gnd of the sulphate store, which is con- 
structed with a gradual inclination towards a gutter draining 
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Fin. 41. — Sulphate Saturator with Well for Wilton’s Discharger. 

into the mother-liquor well The liquor from the mother-liquor 
well is used again in the saturator, being raised by an injector 
placed in a suitable position to be operated by a man while stand- 
ing over the saturator 
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Hand-fishing as described above only applies to plants deal- 
ing with conaparatively small quantities of liquor. In larger 


7/8" PLATE LEAD SATURATOR 
WORKED FROM ONE PLATE, OME StA^4 CK'lY. 

• MITCHELL MAIN COLLIERY CO. LTD. 
OVERHEAD VIEW. APRIL 1809. 


t‘2 — OveiheMtl View of Solid Plate-lead Saturator. 

plants It 16 customary to dispense with hand fishing, the sulphate 
being lilted mechanically from the saturator and deposited m 
centrilugals with a bottom discharge. 


CHAPTEE X. 

NOTES ON ARTIFICIAL MANURE PLANT 

In an artificial manure works, as in an alkali works, one of the 
chief features of the plant is the acid chambers In a manure 
works, however, it is usual to have a much deeper upstand, as 
the acid is not drawn off m the same quantity all the year round 
as in an alkali works It is a common practice to allow the 
acid to accumulate until a considerable depth is reached m the 
chambers, and m this way to form a store for the busiest part of 
the season, which is generally the autumn, to make for the 
spring. 

In the case of vitriol chambers for manure works, it is not 
uncommon for the upstands to be made of as great a depth as 
3 feet. Consequently, the construction as regards the lower 
portions of the structure, platforms, and columns must be pro- 
portionately stronger, m view of the additional weight of acid. 

Burners — As in many alkali works, the burners may bo 
placed under the chambers, or, as we have seen in some works, 
they may be placed alongside the chambers, the space under the 
chambers being utilized for accommodating the storage bins for 
the manure. 

Manure Dens . — In close connection with the chambers are 
the manure dens. Several designs for these have come under 
our notice In some cases the dens are built of comparatively 
small dimensions, and the mixer is placed in a central position 
above these dens, with troughs from the outlet which can be 
moved to a central aperture, so as to feed into any one of say a 
group of four dens, but we are rather in favour of the adoption 
of a larger den, with the mixer placed in the central position, 
and built in a group Plate IX shows a good arrangement of 
dens, mixers, etc. 

Mixers —There are several forma of mixer on the market, all 
of which have certain merits, which are perhaps embodied in the 

(11(3) 
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one made by Messrs. Pratchitt Bros, of Carlisle, and again that 
of Messrs. Newell of Newark. The mixer by Pratchitt Bros, 
is circular in shape, with a drop bottom, while the one by 
Newells is a horizontal mixer and has its discharge at one 
end. 

It will at once be apparent that in the first method referred 
to, of discharging from one mixer into several bins, the mixer 
would require to be placed at a sufficient height to give a neces- 
sary slope to the inclined sbutes into the bins for the mixture 
to fall by gravity, but where the mixer is placed over the centre 
of a den no ahute is required, as the manure, as it falls into the 
den, will find its own level. In a den say 20 feet by 20 feet 
square, it is necessary to draw off the gases evolved during the 
heating of the manure after being deposited in the den. These 
gases must be allowed to escape freely to a central shaft con- 
nected with a condensing tower, the exit gases from this con- 
densing tower again in turn being connected with the mam flue 
to the chimney 

The opening to the dens is formed by a heavy movable 
door, but in many cases the den is closed by makmg it up with 
battens, which rest in a groove left between the girders which 
span the opening, and a similar groove at the ground level. 
These battens are slid along, and a cross-board is dropped m 
supports provided for that purpose at either side of the opening, 
thus forming a firm resistance to the manure withm the den. 
In this latter case the boards should be roughly luted up with 
a daub of black stuff'’. 

The breakers or disintegrators are generally placed close to 
the dens, so that as the manure is brought out of one den it can 
be conveyed readily to a disintegrator, which breaks it up and 
delivers it on to a rough circular sieve, which passes on the 
fine manure to be dealt with by further mixture and sieving, 
while the lumps or nuts that have not passed through the sieve 
are returned by a shute, to be again passed through the disinte- 
grator 

We have not so far spoken of the storage of the raw ma- 
terials, such as offal, shoddy, bones, phosphates, etc , used in 
the mixing. The stores for these materials should be so arranged 
as to admit of ready unloading, and should be next to the 
grinding department, where the ingredients are dealt with previ- 
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ous to being^ elevated to the store bins over the mixers and 
manure dens. 

In connection with the packing department we must take 
into account the space required for storing sacks, bagging, etc., 
and in the actual work of packing, the aack-holdmg arrangement 
of Mr Richard Simon of Nottingham is a very useful contriv- 
ance as a labour-saving device 



CHAPTER XI. 

NOTES ON GEN>2t,AL PLANT. 

Acid EtjEVAtors. 

Thi>; (ildifashioued acid egg ir still employed in many vitriol 
works for the purpose of raising acids from the ground level to 
the. tops of the various towers of the plant, but of recent years 
the employment of automatic acid elevators has .become very 
general, and in designing an up-to-date plant their adoption is 
almost a luattov of course. 

Kestnor’s elevator for sulphuric acid is shown in Pig. 43. 
It consists of a cast-iron body, B (lined with lead if weak acids 
are to lie dealt with) ; a lead-lined vertical stand-pipe, T ; air dis- 
tributing box, D; lend floats, X Y; lead-coated steel rod, c; 
delivery pipe*. Tj ; feed pipe, Tg ; regulus metal check valve, M ; 
and coiupreBsed air pipe, Tj,. It is necessary that the apparatus 
should Ixi fixed vertically, and the acid in the pipe must not rise 

higher that the level G F In working, the acid enters the 

body of the elovatoi* by the feed pipe, fills up the vessel, and 
raises the float, which acts upon a valve in the air-distnbuting 
box. When under air pressm'e, the acid rises through the 
delivery ihpo, and when the vessel is emptied the air is cut off 
and escapes from the vessel, which again fills. The float again 
rises, compressed air is admitted, and the operation is repeated. 

This elevator is largely used, not only in vitriol works, but in 
connection with explosives plants, and all factories where acid is 
required to bo raised In slightly modified forms it can be used 
for hydrochloric acid and nitric acid, or for liquids containing 
chlorine. 

Fig. 44 shows the Kestner elevator for hydrochloric acid. 
The parts are as follows . B, sheet-iron body, lined with ebonite ; 
T, ebonite-liiied stand-pipe; D, distribution box; X Y, ebonite 
float , C, steel rod coated with ebonite ; Tj, discharge pipe ; T^, 
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Wg. 43 — Keatner’a Elevator for Sulphnnc Aoid 
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feed pipe ; M, ball check valve. 

The lino G F shows the 

highest level allowable for acid 
in the feed cistern. This ele- 
vator is simple and steady in 
working, and it has been very 
generally adopted. 

Pig. 45 shows a cheaper 
form of Kestner’s elevator for 
hydrochloric acid, acetic acid, 
and acid liquors generally. It 
is worked with less head of 
feed. Made of earthenware, 
it is tested to a pressure of 
75 lb. before being sent out 
by tho makers. 

Tho parts of the apparatus 
are as follows ; B, stoneware 
cylindrical body ; T, stand- 
pipe ; 1), air distribution box; 
X, ebonite float; M, india- 
rubber ball valve ; Tj, delivery 

pipe ; I’», feed pipe ; G H, 

highest level of acid in feed 
cistern. 

Fig. 4() shows an earthen- 
ware elevator, also made by 
Messrs. Kostner, for raising 
nitric acid. This elevator has 
been adopted by the principal 
explosive factories, and in 
many of the Government 
powder works, both at home 
and abroad. It is a most re- 
liable elevator, and all parts 
in contact with the acid are 
of eartheiware 

The elevator is built up as 
follows : B, stonewaie cylin- 
drical body , T, stoneware 
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stand-pipe ; D, stoneware distribution box ; M, stoneware check 
valve , T2, acid feed pipe , Ti, acid discharge pipe ; E, stoneware 
feed cistern ; S, syphon ; A, feed reservoir ; T3, compressed air 
supply pip^ ; C, stoneware delivery cistern. 

It often happens that acids have to be elevated to a point 
situated at a height superior to the one corresponding to the 
pressure of compressed air used ; it is then either necessary to 
change the compressor, or to raise the acid in two stages ; that 
IS, with a stand at half-height. M. Kestner applies emulsion to 
hghten the delivery column, and this by simply piercing a small 
hole in the part of the delivering pipe which is contained in the 
elevator. Part of the compressed air escapes by this hole directly 
through the delivering pipe, in which it forms the Pohle’s bulb 
chain for easuig the delivery. 

This arrangement admits of the height of Gay-Lussac towers 
in a vitriol works being increased without raising the pressure 
of compressed air or working by double stages. 

A very effective acid elevator, made by Paul Schuetze & Co. 
of Oggersheim, Germany, and supplied by Messrs. Bornett & 
Co., of London, is now being largely used wherever acids or 
other liquors are to be raised. 

The mechanism is entirely enclosed, stuffing boxes and 
other parts subject to wear and tear being dispensed with, 
^en the supply of liquid ceases, the elevator simply stops work- 
ing, and starts of its own accord as soon as the feeding tank begins 
to fill. In the same way, the elevator stops if the supply of 
compressed air or steam should fail, and re-starts immediately 
the required pressure is available. 

These elevators work with expansion, and therefore consume 
only such quantity of compressed air or steam as corresponds 
to the height of the lift. The higher the pressure of the com- 
pressed air apphed, the smaller is the volume consumed. 

The liquid flows by gravitation through a check-valve into 
the elevator. During this period the dead weight of a double 
float (consisting of two rigidly connected balls) acts on a lever 
in such a manner that the compressed air (or steam) inlet is 
-kept closed, whilst the outlet valve is open, allowing the air 
displaced by the liquid to escape. When the liquid reaches the 
upper part of the upper ball, the float rises, whereby the air 
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outlet is closed, and the air inlet valve opened. The com* 
pressed air then presses upon the surface of the liquid, which 
IS forced through the delivery pipe. When the surface of the 
liquid reaches the lower ball, the float sinks, closing the air 
inlet valve. The compressed air expands until the egg is 
nearly emptied, but, before the air can enter the dehvery pipe, 
the air outlet valve opens, and the cycle of operations is 
repeated. 

No air escapes through the dehvery pipe, which need not be 
vertical, but may be inclined at any angle, and may be partly 
horizontal. The pressure of the compressed air or steam applied 
may vary between 30 and 70 lbs. per square inch without inter- 
fering with the regular working of the apparatus. If required, 
the elevator can be constructed in such a manner as to allow 
the pressure of the compressed air to vary within wider limits. 

The construction of the float shown allows the specific 
gravity of the liquor to vary by about 60 degrees Tw., so that an 
elevator constructed to raise liquor of an average specific gravity 
of say 1*65 will continu'^ to work as long as the specific gravity 
does not fall below 1 5 and does not rise above 1*8. A shght 
modification of the design allows unlimited variation of the 
specific gravity without interrupting the continuous working. 

The elevator performs from 30 to 60 operations per hour, 
according to the varying circumstances. As the quantity of liquid 
discharged at each operation is always the same, the daily or 
weekly output can be controlled by means of a counting appara** 
tus 'which registers the number of pulsations. 

These elevators are constructed o£ various materials , for 
sulphuric acid of at least 110 degrees Tw , of plain cast-iron; 
if for Gay-Lussac and Glover-Tower acid, of cast-iron, partly 
lead-lined , for cold or moderately warm Uquors, of cast-iron, 
completely lead-lined , for hot liquors, of wrought iron, homo- 
geneously leaded ; for fatty acids, of copper , and for hydrochloric 
and nitric acid, of earthenware miron casing 

The following table shows the rnimmum pressure of com- 
pressed air or steam required under the different working con- 
ditions. The pressure stated leaves an ample margin for ric lon 
in the delivery pipe and for slight variations of the specific 

gravity 
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MINIMUM PBESSURB IN LBS. PER SQ. INCH. 


Height or Lift, 
calculated fbxim the 
^ bottom of the elevator, 
m feet. 


15 

20 

26 

SO 

36 

40 

46 

60 

65 

60 




Spboifio Gravity. 



1 

1 ^ ^ 

1-2 

1-3 

1'4 

1-6 

16 

17 

18 

19 

! 

17 

18 

19 

19 

50 

21 

22 

23 

1 18 

20 

21 

22 

23 

24 

26 

26 

27 

' 21 

23 

24 

26 

26 

27 

28 

29 

30 

1 24 

26 

28 

29 

30 

82 

38 

34 

86 

27 

29 

81 

82 

84 

86 

1 36 

1 88 

' 40 

80 

81 

1 S3 

86 

1 36 

88 

40 

42 

44 

' 32 

84 

86 

88 

40 

42 

44 

46 

48 

1 34 

87 

89 

41 

48 

45 

47 

49 

62 

1 37 

39 

41 

44 

43 

48 

61 

58 

66 

40 

42 

44 

47 

49 

62 

66 

67 

60 


The Filter-press. 

The filter-press is one of the most familiar and useful pieces 
of plant to be found in a chemical works. As perfected by 
A. L. G. Dehne, of Halle, Germany, it is in universal use, 
and, therefore, some detailed description of the construction and 
working of the various types of apparatus is here given. The 
sole agents in Great Britain for Dehne’s filter-presses are Messrs. 
C Harzer & Co., of Finsbury Pavement House, London, E.O. 

Filter-presses are used wherever solids and liquids have to be 
separated. They replace, in most cases to great advantage, all 
other devices for filtration, elimination, or washing of materials. 
The charactenstics of Dehne’s filter-press are (1) To give the 
largest possible filtering surface in the smallest possible space. 
(2) The facility of forcing the hquid part of the material through 
the filtering medium (cloth) by the most suitable pressure, from 
a slight giavitation pressure up to 140 lb. per square inch, or 
even higher (3) The easy handling of the press. 

The filter-press consists of a number of strong corrugated 
iron plates with a hole in the middle, and the planed margins 
somewhat raised above the corrugations. The plates are covered 
on both sides with filter-cloth, which is fixed round the holes. 
The plates are tightened one against another, so that by means 
of the raised margin a hollow space is created between each pair 
of pirates, which, under pressure, and assisted by the packing of 

the filter-cloth (the end plate has no hole), is effectually shut off 
from the outside , 
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The liquor to be filtered is forced through the hole m the first 
plate, and enters (after the air has been allowed to escape), fill- 
ing all the hollow spaces between the plates. As the pressure 
on the liquor continues the latter is forced through the filter- 
cloth, leaving and accumulating all solid matter (the impurities 
or the material to be separated) in the filter-chambers between 
the plates. After having passed through the cloth the liquor, 
now clear, runs down the corrugations and finds its exit through 
a channel to the outside of the plates. When the accumulated 
Holids have filled all the hollow spaces (about two-thirds of the 
space occupied by the whole press), the shutting arrangement of 
the press is loosened, the plates are separated, the cakes of solids 
allowed to drop out, the plates re-tightened, and the process 
re-started. 

Two chief methods of construction are employed : (1) Cham- 
ber-presses, in which the filter-chambers are formed by the raised 
margins referred to ; and (2), frame-presses, in which the margins 
of the plates are on the same level as the filtering surface, and m 
which the filter-chambers are formed by means of hollow frames 
inserted so that filter-plates and frames run alternately through- 
out the entire length of the press. 

The filter-press is used for (1) Separating solids from 
liijuids : (2) clarifying liquors , (3) washing substances and 
frcoiTiK them from objectionable soluble admixtures . and (4) 


extracting substances. 

'rhe parts of a press which come into contact with the hquors 
■ to be filtered are made either in iron, wood, gun-metal, hard 
lead, tin, or iron coated with vulcanite. Iron filter-presses are 
preferable, on account of their durability, in all cases where there 
IS no objection to the material to be treated coming into contact 
with iron or minute quantities of its oxides. 

Wooden filter-presses are made of iron with wooden head- 
platos bolted on to them, and the rest of the plates in wood, with 
wooden taps, etc The channels through the iron headpiece, 
valves, etc., are either made of gun-metal or iron homogeneously 
lined with some suitable material (hard lead, tin, or indiarubber) 
so that the material to be dealt with comes into contact with 
nothing but wood and a suitable metal. The wooden parts are 
usually made of carefully selected pitch-pme, but they may be 
constructed of oak, teak, etc., if desired Dehne’s plates are so 
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•-presB, hy A. L. Q-. Dehne, 
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designed that they are given the utmost strength. The central 
filtering surface having a margin built round it, the whole of the 
plate (filtering surface and margin) is made up of several vertical 
sections which are held together by horizontal bolts at the top 
and bottom. It is, therefore, a physical impossibihty for the top 
and bottom of a plate to be blown out. The wear and tear of 
the wooden parts is very slight, and they can also be renewed at 
small expense when necessary. 

In the chamber-press the cakes drop out with very little 
assistance, as soon as the press is opened and the plates se- 
parated. In the frame-press, the cakes forming within the 
intermediate frames can either be lifted right out of the press 
in the frames or knocked out Frame-presses are, therefore, 
not suitable for substances not forming a sohd cake. For 
materials of this kind chamber-presses with the feed channel at 
the bottom left-hand corner should be used, as with this type 
the press can bo drained before it is opened. In frame-presses 
the feed channel is situated outside the filtering surface, with a 
channel loading to the interior of the frame. In all cases, there- 
fore, where the material is of such a nature that it is likely to 
lilock this comparatively narrow channel, the chamber-presses 
are most suitable, (hi the other hand, where there is no fear of 
blocking this small channel, the frame-press has many advan- 
tages, as the whole filtering surface is available for work, and the 
fixing of the filtering cloths is very much simpler. 

I’he following illustrations show the various methods of fixing 
the filter-cloths. Fig. 4K (A) shows the headplate and plate of a 
chamber-press. It will be seen -that the cloth is simply hung 
over the plate, and clipped at the feed hole with a union screw. 
This IS a most convenient method, and is far more simple than 
the usual one, shown in Fig. 49 (C), viz., joining two cloths to- 
gether at the centre feed hole with a short cloth pipe, pulhng 
one cloth through the feed hole, and then tying the two together 
at the top. Fig. 4H (B) shows the method for frame presses. In 
this case, the cloth is simply hung over the plate, and requires 
no fixing whatever. In cases where the plates have channel 
flaps outside, these must be provided with a packing which is 
the same thickness as the filter-cloth. This is effected either 
by fitting the channel flap with a cuff made of the same material 
and thickness as the filter-cloth used (see Figs. 49 A and 49 B) or 
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by providing these channel flaps with india-rabber tightening 
rings. The latter arrangement is by far the most convenient. 
The channel flaps have a circular groove cut round the channel 
holes in which india-rubber cloth-covered rings are inserted. 
These make a perfectly tight joint and the rings last a long time, 
and can be easily renewed at small cost. 

The standard thickness of the cakes is 1 inch to li inches. If 




A. — Headpiece 


Plate, 


B. — Headpiece JPrame 


Fig. 48. — Dehne’s Filter-press . Methods o! Fixing Cloths. 


Plate. 


desired, the thickness can be reduced or increased. The more 
easily the material filters the thicker may be the cake. In the case 
of Dehne's washmg presses, experience has shown that it is not 
advisable to increase the thickness above the standard except in 
very rare cases, any gam by the thicker cakes in the filling of 
the press being more than counteracted by the disproportion- 
ately longer time required for the thorough washing. 

The proper choice of the most suitable filter-cloth is one of 
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the most important factors upon which the result of filtration 
depends. The guiding pnnciple will be best apparent if we re- 
gard the filter cloth as a sieve with very fine meshes. The 
meshes should be just narrow enough to hold back the particles 
which it is desired should be retained. If the meshes are smaller 
(i.e., the cloth denser than necessary) the output i of the press 
■will naturally be reduced. The exact determination of the most 
suitable cloth can only be arrived at by actual experience. The 
usual raw material for the cloth is cotton ; where, however, acid 
liquors are being dealt with, woollen cloths vnil probably be 
necessary. 

The provision of taps to each plate gives the advantage of , 
allowing a perfect control over each filter-chamber. If some- 
thing is VTTong in one chamber (the cloth torn or shifted), which 
■will be noticed by the one tap only runmng turbid, this tap may 
be shut off and the working of the press continued. 

Presses with closed efflux channel are used if the clear liquor 
leaving the press is conducted under pressure to a higher tank, 
or if the liquor is volatile. The disadvantage is that no control 
over the separate chambers is afforded. 

Dehne’s presses are provided with two washing systems, the 
thorough-extraction system being a novel improvement on the 
old simple washing arrangement, which only partly attains its 
end of washmg the soluble admixtures out of the cakes. The 
simple washing arrangement is still provided in all cases where 
only a partial removal of the soluble admixture is required. It 
consists of one channel through which the wash- water finds its 
way into every alternate plate, passes through the cake and out 
of the open tap of the next plate. Only part of the cake is 
effectually washed, and there is a great tendency for the water 
to form a channel in the cakes and not to wash the other parts. 
This has led to the construction of the thorough extraction 
system, the only device which ensures an absolute and quick 
extraction of all soluble matter with the least quantity of water 
or other suitable solvent. 

After the formation of the cakes, the taps are all closed. 
The wash-water is now forced under a suitable pressure (pre- 
ferably a somewhat higher pressure than the one at which the 
press has been filling) into channel 6, and is distributed over the 
filtering surface of the alternate plates (one having a channel 



G-ENERAL PLANT. 


133 


to the inside, the next none). 

It is now forced simultane- 
ously over the whole surface 
of the cake to penetrate the 
cloth, the cake, the next 
cloth, to collect behind the 
filter-cloth of the next plate, 
and find its exit on the top 
of that plate into the united 
efflux wash channel d of every 
alternate plate : c is the chan- 
nel for the escape of the air. 
The arrangement of these 
channels compels the wash 
water to penetrate every part 
of the cake horizontally, and 
to take with it every particle 
of soluble matter. The actual 
course of the thorough ex- 
traction can he controlled in 
two ways : (1) by the amount 
of water passed through the 
cakes, which can easily be 
measured by means of a 
graduated trough fitted with 
a special valve ; or (2) by the 
control of the specific gravity 
of the wash -water by means 
of a hydrometer placed in the 
control apparatus. 

With the assistance of 
the illustrations. Pigs. 50 and 
51, the working of presses 
fitted with the thorough ex- 
traction system will be very 
clearly shown. When feed- 
ing the press, the valve a, 
controlling the feed channel, 
and the taps i should be open, 
all other valves being closed. 



Fig. 60 .— Details of Thorough Extraction Filter-press. 
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As soon as the press is filled with cake, the feeding is stopped 
and the washing operation started. For this, the valve a and 
the taps i are closed. Valve b and the air tap c are then opened, 
but as soon as the wash-water commences to run from the tap 
c, this should be closed and valve d opened. For the remainder 
of the washing operation, only valves h and d should remain 
open. On the press are supplementary valves *0 (on the feed- 
channel) and / (on the wash water inlet channel). These can 
be used for various purposes, such as aerating or steaming the 
cakes, passing hot air through, etc. The valve / can also be 
used for draining purposes if by any chance the press should 
not be full of cake and needs emptying before it is opened. 

It 18 a principle of filter-press design that the press should 
be square in form, in order to ensure the most economical 
use of filtering surface, and that the most easily cleaned 
and efficient surface is one consisting of fine ribs or corruga- 
tions. Providing that care is taken to give the corrugations 
sufficient depth to prevent the filter-cloths from sagging to the 
bottom when under pressure, and that the ribs or corrugations 
are smooth and carefully rounded, this will be found to form the 
most effective practice. The filfcer-cloth must not be regarded 
as the principal filtenng medium, but only as the foundation 
upon which the real filtration is based. As the operation pro- 
gresses, there grows gradually a stratum of the matter at 
first arrested by the cloth, and the liquor following has thus 
to pass through an increasing thickness of solids in addition to 
the cloth. Thus there are cases where satisfactory filtration is 
only obtained after the press has been m operation for some 
time. Q-iven a uniform material, the cake should form on both 
sides of the filter-cloth alike, and in fairly strict uniformity. 
The more porous the filter-bed, the quicker will be the forma- 
tion of the cakes of matter arrested. This cake, again, vanes 
in degrees of solidity or density according to the degree of fine- 
ness of the particles forming it. It follows, therefore, that the 
more open the filter-bed the sooner will a cake of a given thick- 
ness be formed, due consideration being made for the pressure 
employed. The pressure must be arranged according to the 
porosity of the cake, m order to ensure the maximum of filtered 
liquor in any given time. 

Agam, it IB of the utmost importance that the continuity of 
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pressure should be recognized m defining the most acceptable 
form of working. The pressure may, at intervals, be shghtly 
increased, but should not be allowed to fluctuate or become 
jerky, which may be obviated by a large air vessel being used 
or the employment of the montejus. The elimination of gluey 
and slimy substances, and small particles of other solids, necessi- 
tates a porous filter-bed to ensure prolonged filtration. In the 



Fig. 62 . — Filter-oloth Washing Machine 


case of very fine particles, these are forced into the pores of the 
cloth, and thus retard or entirely stop the work ; with these a 
slight uniform pressure is obtained by feeding the liquor enter- 
ing the filter from a tank placed a few feet only above the inlet. 

Where neither iron nor wood can be employed, the filter- 
press is constructed in such a manner that all the parts which 
come in contact with the material being worked are of iron 
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■coated with vulcanite, hardened lead, gun-metal, or tin. For 
such liquids as ether or ammonia, for instance, in order to 
prevent the vapours escaping, a sealed condensing cover is 
provided. 

In the case of materials that only require a low pressure, 
such as oils, where strong construction is not required, filter- 
presses tested to 28 lb. to the square inch may be obtained. 
So also for oil filtration, presses with two outlet taps enable oil 
to be fed by gravitation (the top row of taps being used first) 



Eia. 6B — Check Eilter. 


into the presses. For increased pressure, a bottom row of taps, 
and, if necessary, a pump, may be employed 

The washing of filter-cloths is usually done by hand, by 
means of a fibre brush and water, for which purpose the cloths 
are spread out singly on a board. This tedious manual labour 
•can 111 most cases be dispensed with by the use of Dehnes cloth 
washing machine (Fig. 52) The cloths are placed in the 
washing cylinder, about a dozen at a time, and the cylinder is 
then set in motion by belt transmission, when the water in the 
.trough of the machine circulates through the cylinder and 
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washes the dirt out of the cloths. The inlet and outlet of the 
water are regulated by stop valves The water can, if necessary^ 
be heated in the machine by the admission of steam. 

With filter-presses provided with taps, the action of the 
filtrate can be watched, and, if necessary, a muddy chamber 
can be stopped by closing the efflux tap controlling it, so that 
the clear filtrate of the other chambers may not be diluted. 
But it is better still if the taps themselves are seli-acting, and 
made in such a way that they act as small check-filters ; they 
will clear the first runnings and if, for any reason, during an. 
operation, the filtrate becomes cloudy, they will automatically 
close that particular chamber altogether. 

With fflter-presses which have a united efflux channel, the 
filtrate cannot be watched at all, and it is impossible to tell 
which chamber is running cloudy. It is then necessary to stop 
the whole press. In such filter-presses, check-filters can be in- 
serted in the channels of the various chambers, and so allow 
only a clear filtrate to pass. If a filter-cloth is tom, these check- 
filters automatically close the chamber. 

The Osmose oe Dialysis Appaeatus. 

These machines are constructed for the practical employ- 
ment of the physical principle of diffusion, osmosis or dialysis. 

If two different miscible liquors which have no chemical 
action one upon the other are allowed to come into contact 
with each other, the effect of the natural attraction of their 
respective molecules solely, without any agitation or other 
influence, causes a constant exchange of molecules between the 
two liquors, until they are thoroughly amalgamated into one, 
which is absolutely homogeneous. A similar process takes plsice 
if the two liquors are separated by an animal or vegetable mem- 
brane, capable of being saturated with the respective liquors 
(m this apparatus parchment paper). The membrane forms 
a sieve with very minute meshes According to the size of 
them, some molecules will pass this sieve very readily and. 
quickly, others very slowly, and some not at all. Diffusible- 
and non-diffusible bodies can thus be differentiated, and as 
experience has shown that the former possess, almost without 
exception, the characteristic of either being crystallizable, or at 
least to form crystallizable chemical combinations, the former 
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are called “ crystalloids ” and the latter, mostly of a gluey, slimy 
character, “ colloids 

The quality of the crystalloids to diffuse is made use of in 
their separation from the colloids. If the alternate chambers 
of the apparatus are constantly supphed with fresh water, it will 
be seen that in the proportion of crystalloids and colloids in the 
mother-liquor, the former will be constantly diminished and in- 
creased in watery solution. As mentioned, the rate of diffusion 
must vary with the size of the molecules — common salt diffuses 
twice and sulphuric acid three times as quickly as sugar. This 
difference in the speed of diffusion is made use of for the separa- 
tion of different crystalloids. 

The skeleton of the dialysis apparatus is similar to that of a 
filter-press. It contains a number of wooden frames, which are 
alternately constructed so as to hold the two different liquors. 
To prevent the frames from being wrongly placed, the tops are 
alternately flat and pointed, with triangular handles on one 
side and flat on the other. The parchment-paper is hung over 
the pointed frame only. 

Corresponding holes in the frames form channels through 
which the two liquors, one generally water, introduced through 
two funnels, are conducted into the alternate chambers, through 
which they constantly pass at a slow rate, leaving the apparatus 
by the control pipes, in which a hydrometer is placed. 

Every twenty-four to thirty hours the lever on the fixed 
head-piece is turned, which has the effect of causing one liquor 
to enter the chamber previously occupied by the other. This is 
done in order to make the liquor pass through the parchment- 
paper in the reverse way. Every three or four days the appa- 
ratus, if in constant use, is cleaned by passing some acidulated 
water through. A change of paper is usually required every 

six or seven days. 


SOHUiBB’S POBOUS PiLTEB PlATBS 
As a filtering medium for valves, vats, etc., Schuler’s porous 
filter plates, as supphed by Messrs S. Bornett & Co. are now 
in ext^sive use. These plates were originally made foi^ d 
liquors and coarse precipitates, and, as such, met wth great 
3 increasing favour. The manufacture of them has developed 
^adually. and bv continual improvement they can now be 
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supplied as suitable for either the finest precipitates or for 
acid and alkahne liquors. The plate, rebated around the top 
of the filtering surface, and the consequent grooves when the 
stones are together, are filled with jointing material to enable 
them to resist, like the filter plates, the effects of liquors of 
a similar character. Portland cement, lead, or a mixture of 
sulphur and graphite, and similar substances may be used, and 
will be found, if required, to form a suitable jointing material. 

In order to avoid clogging, very fine porosity marks the 
plate surface, in such a way (gradually increasing downwards) 
that there is no obstruction to the flow of the filtrate by the 
lower portion of the plate, which serves merely as a support, 
and gives the filtering layer strength and cohesion. In certain 
instances, at the bottom of the plate, holes are provided almost 
to the filtering plate, and these assist m the carrying-off. 

If they are intended to be used on a double bottom, the 
bottom of the plates is flat, but if the plates are grooved on the 
underside, the false bottom is unnecessary. By the pressure 
under which filtration is carried on, the section of these grooves 
is determined, being deepest for the slightest pressure and vice 
versa. 

The plates possess a number of important improvements 
upon many makes now upon the market. Their special porosity 
excludes the very finest particles of solid matter, therefore they 
do not “ clog,” and washing is obviated, with a considerable sav- 
ing in labour, and also cost, because duplicates need not be pro- 
vided. For the treatment of alkaline and corrosive liquors they 
have found a very wide use, which is likely to become general in 
works where such liquors have to be dealt with, and their em- 
ployment IB also extending to neutral liquors, a perfectly bright 
filtrate resulting froipa the very beginning of filtration. 

The porous filter-plate method may be utilized in all the 
best-known types of filters, though specially designed pressure 
filters, under pressure, are ptobably the most completely satisfac- 
tory method In cases where a vacuum is employed for filtering 
or other purposes, vacuum filters may be used. 

Pressure Filters for Acid Liquors 

Bornett’s pressure filters for the filtration of acid, alkaline 
and corrosive liquors of all kinds by means of porous filter-plates, 
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are also very useful. The advantages of this practically inde- 
structible filtering material, which can be used even for the finest 
precipitates without clogging, has already been indicated. 

Both vertical and horizontal types of these filters can be ob- 
tained. For small outputs up to 9 square feet of filtering surface, 
the vertical filter is recommended. The outer casing contains 
the filter-pot, in which are placed the filter-plates. During filtra- 
tion, the pot is filled with the liquor under treatment, the casing 
is closed, and compressed air is admitted. The pot is then en- 
tirely surrounded by compressed air, and is not exposed to any 
unbalanced pressure, not even on the bottom, as the filter-plates 
rest directly on the latter. The pot, which alone comes into 
contact with the liquor, can therefore be made from material of 
low tensile strength, i.e., lead, tin, stoneware, or wood, as any 
deformation is impossible, owing to the system of balancing the 


pressure. 

According to the working pressure and temperature, the 
casing is made of cast iron or steel, and, if necessary, is pro- 
tected from vapours by paint or by a lining. The joint round 
the outlet from the pot is made by a rubber ring. 

The filters are used m the following manner. At the 


beginning of each operation, the pot is filled with the liquor to 
be filtered, the filter is closed and compressed air is admitted ; 
or they can be used continuously by pumping m a quantity of 
turbid liquor corresponding to the amount of filtrate discharged. 
The consumption of compressed an is very small, as this is only 
admitted at the beginning of each operation, and remains in 
the filter during filtration and washing. The wash- water is in- 
troduced in such a fashion that it flows down the wall of the 
pot, and does not mix with the mother-liquor, which is generaUy 
of higher specific gravity. The mother-liquor is therefore dis- 
placed in the shortest possible time, and an extremely small 
quantity of water is sufficient for complete washing. The filters 
are fitted with air inlet and air outlet valves, pressure gau^, 
safety valve, and with inspection glasses which permit the 
attendant to watch the progress of filtration and washing fxom 
time to time. The vertical pressure filters of this type are 
supplied in different sizes up to a pressure of about 12 
Where a larger filtering area is required, the horizontal filter 

IS recommended. 
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The horizontal filter is formed by a number of filter trays 
which are arranged in a casing. The filter-plates rest on the 
bottom of each tray, in the same way as in the vertical filter. 
The drainage cheinnels formed by the corrugations at the 
bottom of the plates discharge, however, into the lateral outlet 
pipes. In this type also, it is only the trays that are filled "with 
liquor, which does not come into contact with the outer casing, 
and the trays may, therefore, again be made of lead, stone- ware, 
wood, or some other material capable of resisting the action of 
the liquor. 

To facilitate the removal of the residue, each tray is provided 
with two cross-bars running on wheels. When the tray is 
withdrawn from the casing, the front bar rests on a bracket 
placed on the cover, while the bar at the inner end runs on rails 
fixed in the casing. When the tray is to be withdrawn, it is 
coupled to the door by means of a hook in the case of the top- 
most tray. As soon as the tray has been withdrawn, it can be 
tilted to facilitate rapid removal of the residue. The cover is 
closed either by bolts or by means of a cross-head and screw. 
While the filter is closed, the cover presses on the tray, so that 
the rubber joint-rings placed on the outlet pipes are compressed 
against the back of the casing and make the joint during work- 
ing. The joint between the casing and the cover is made by a 
rubber stnp held in a dove-tailed groove, which, like the rubber 
'rings on the outlets, lasts for a long time, as it does not come 
into contact with the liquor. 

The method of working is similar to that used with the 
vertical filter. Sludges which can be pumped only with difficulty 
are filled into the trays before the casing is closed. If the 
liquor can be pumped without trouble, the filter is used con- 
tinuously, and m a filter provided with a number of trays ar- 
ranged one above the other, the liquor may be fed separately 
to each tray, or it may be pumped into the top tray only, and 
overflows through suitable large pipes into the others. The 
progress of the operation in each tray can be watched by suitably 
placed inspection glasses. 

One man is sufficient for attending to all operations, i e., 
charging, emptying and closing, even wath filters of the largest 
■size, which may have a filtering surface of 200 square feet and a 
capacity up to 1000 gallons. 
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The porous filter plates produce, even at a high pressure, a 
olear filtrate from the start. For this reason it is not necessary 
to watch the filtrate, and the outlets can be combined into a 
common discharge pipe without any drawback. In this case the 
pressure filter also acts as a forcing receiver, and the filtrate may 
be discharged at any higher level. 

Fused Silica Wabe or ‘‘ Vitreosil ”, 

A substance which is deservedly finding increasing use in 
chemical works is the fused silica ware produced by the Thermal 
Syndicate, Limited, of Wallsend-on-Tyne. By the aid of the 
electric furnace the manufacture of Vitreosil” has been suc- 



Fiq. 64. — “VitreosU*’ Pipes. 


cessfully developed, and a valuable range of Eirtioles is now avail- 
able for use in connection with chemical plant which simplifies 
many of the problems confronting the chemical engineer. 

The principal properties of vitreosil are its great resistance to 
heat and acids. It is amongst the most refractory of materials, 
melting at about the same temperature as platinum (between 
1700® C. and 1800® G.). The co-efldcient of expansion of fused 
silica IS extremely small, being about one-seventeenth of that of 
glass. In consequence of this small co-efficient it is possible to 
subject vitreosil to rapid changes of temperature without any 
danger of breakage. The material is unaffected by acids, with 
the exception of hydrofluoric, and, at high temperatures, phos- 
phoric ; the action of phosphoric acid on silica only commences 
above 400® G., so that for all ordinary purposes it can be safely 
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used with this acid. Sulphuric, nitric, and hydrochloric acids^ 
or a mixture of acids, such as aqua-regia, have absolutely no- 
action on the material. 


Vitreosil is now being employed in the construction of plant 
for the manufacture and concentration of sulphuric acid, in place 
of lead, porcelain, volvic lava, and platinum. One of the weak 
points of vitriol plants is. the pipe used for conveying acid into 





Fig. 66. 



the nitre-pot. This pipe, usually made of iron, but sometimes 
of earthenware, is soon affected by the high temperature and 
corrosive action of the acid, and frequent renewals are neces- 
sary. A vitreoBiI pipe, shown in Fig. 65, with cast-iron pro- 
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tection socket, has been substituted in many English chemical 
works for the former iron pipes, and has proved most successful. 

Instead of the usual nitre-oven the arrangement illustrated 
in. Pig. 56 may sometimes be adopted with advantage. This 
consists of a senes of shallow-hpped basins, which are placed in 
a chamber at the end of the burners. Liquid nitric acid is fed 
from the top (as shown) or through the side walls, according to 
the manner in which the plant is arranged. 

The acid is evaporated by the hot burner gases, and passes 
through the Glover tower into the chambers in the usual way. 
This method allows the amount of “ nitre ” introduced to be 
easily varied without disorganizing the process. 

The lead lips and gutters of the Glover towers are seriously 



Fig. 67. 

affected by the hot acid and by the scouring action of fine par- 
ticles of coke or disintegrated packing from the tower. Addi- 
tional false lead lips and brick limngs are resorted to in some 
cases to increase the life of these parts, but with only moderate 
success Vitreosil lips and gutters (Figs. 67 and 68) have 
entirely overcome these difficulties, as the material is quite 
proof against scouring, and is, of course, unaffected by the acid. 
Vitreosil siphon pipes (Fig. 69) may be used to draw off the 
acid when a Glover tower is not luted in the usual way. 

The efficient concentration of sulphuric acid has always pre- 
sented difficulties to chemical manufacturers, mainly owing to 
the failure of the materials of which the plant has been con- 
structed. That it IS a question of materials, is proved by the 

10 
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fact that costly plants have been installed in which the concen- 
tration is carried out in vessels made of platinum, or platinum- 
iriditun alloys. Attempts have been made from time to time to 
construct continuous concentrators, using glass, enamelled iron, 
or porcelain for the concentrator units. The frequent replace- 



iEig. 58. 

ments necessary, either through breakage of the vessels by heat, 
or on account of the action of the acid on them, has been a 
serious item in the upkeep of such plants. 

The possibility of using vitreosil vessels in place of porcelain, 
etc,, for these cascade processes, immediately appealed to acid 
makers when the properties of the material became known. 

Trials were made at several 
works in 1907 with vitreosil 
beakers and basins, and success- 
ful results were obtained. It 
was found that there was no 
necessity to protect the vessels 
from the flame by means of 
fireclay slabs or pots filled with 
sand, as they could be exposed to direct firing without danger. 
The result was an increased output of finished acid with a 
decreased consumption of fuel, and at the same time the break- 
age of vessels was very largely reduced. 

Extensive use has been made of vitreosil basins, one of which 
is shown in Fig. 60, for cascade concentrators, over 600 being in 
daily use in Great Britain, while a larger number are in opera- 
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tion on the Continent, The plants working in Great Britain 
only, at the present time, represent an output of about 22,000 
tons of 168 degrees Tw. acid per annum. 

A silica basin plant combined with lead pre-heating pans is 
very efficient. A test over a period of four months on one plant 
gave the fuel consumed as 15 per cent of the weight of finished 
acid. This was with a concentration of 168 degrees Tw., start- 
ing with acid of 106 degrees Tw. — 110 degrees Tw. The out- 
put of a forty-basin plant is approximately 4 tons of 168 degrees 
Tw. acid per day. 

Beakers for the Webb, Dyson, and similar systems are also 



Eio. 61 . 

made. The following paragraph from the Porty-fifth Annual 
Keport of the Chief Inspector of Alkali Wor]js refers to a con- 
centration plant using vitreosil beakers. “ Experiments •with 
specially designed ‘fused silica’ vessels, instead of porcelain 
ones, have been made at one work. The manager is so well 
satisfied with this material for the purpose of rectifying sulphuric 
acid that he has now substituted it for the porcelain vessels 
through the whole of the plant.” 

In the manufacture of nitric acid, vitreosil has not yet been 
so extensively used as in the sulphuric acid industry. This is 
mainly due to the fact that the retorts, receivers, etc., now in 
use are somewhat larger than can be made at present. Smaller 
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apparatus, however, such as still heads for Valentiner*s appara- 
tus (Ifig. 62), Guttmann still heads, built-up pipe ranges, and 
condensers, are manufactured. The disadvantage of stoneware 
for these purposes is its liability to break through temperature 
changes, which is entirely obviated by the use of vitreosil. 


^ ' 

Eia. 62 r 

Pipes for condensers, etc., are 'asually supplied with socket 
joints, the joint being preferably made with asbestos cord and 
an acid-proof cement. Flanged pipes are not practicable in 
vitreosil, as the expansion or contraction of the bolts or clamps 




Fio. 68. 

is liable to produce a strain at the flange, and so cause 
breakage. Pipes can also be obtained with tapered ends or a 
uniform taper in the length. For certain purposes tapered 
joints offer advantages over sockets. 

The small co-efficient of expansion of fused sihca must 
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always be borne in mind when apparatus is constructed in 
which ij; is in contact with other materials. Sufficient play 
must be given to the silica to prevent it being compressed by 
the other parts when the apparatus is heated. 

A recent addition to the vitreosil products is a shallow tray, 
Fig 63, as illustrated. These trays present special advantages 
for cascade processes on account of the large heating surface 
they offer to the fire gases. 

Another system of concentration on which advantage has 
been taken of the properties of vitreosil is the Kessler apparatus. 
The parts of this plant which are at present made in vitreosil 



Pio. 64. 


are the leadmg-in-pipe, centre pipe, culottes and supports. 
Experience has proved that volvic lava has a tendency to 
gradually disintegrate, especially where the working of the 
plant is intermittent, whereas vitreosil is entirely unaffected. 
The greatest trouble in the working of this plant is experienced 
by the frequent breakages of the porcelain culottes. Ait® a 
series of trials a successful culotte has been produced in vitre- 
osil. These culottes, are slightly modified from the porcelam 
shape, but are quite standard as regards fitting into existing 
plateaux. 

Apparatus for cooling the acid from concentrators are made 
ill two types, Figs. 64 and 65. The pot type cooler. Fig. 64, 
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consists of an outer lipped vessel and an inner centre pipe. The 
lipped vessel is seated m an iron or lead tank through which 
water is circulated. The hot acid enters the centre pipe, de- 
scends to the bottom, and, pass- 
ing through the slots in the 
pipe, rises between the pipe and! 
the walls of the vessel, where 
^ II cooled by the circulating 
water outside. The capacity of 
a single pot is from 1 J to 2 tons 
of 168 degrees Tw., per twenty- 
four hours, cooled from 269 de- 
grees 0. to 40 degrees C. Fig. 
II 66 shows a coil cooler suitable 
for use with acids containing 
no suspended matter, which is 
highly efficient. As an example 
of the working of these coils 
for acid cooling, the following 
figures relating to a small coil working in conjunction with a. 
concentrator are of interest : — 



Eig. 65. 


Area of coil , . . . 

Acid cooled per 24 hours 
Water used per 24 hours 
Temperature acid entering 
Temperature water entering . 
Temperature acid leaving 
Temperature water leavmg . 


2*6 square feet. 
1680 lbs. 

1100 gals. 

220 degrees 0. 
5 degrees 0. 

89 degrees 0. 
19 degrees G. 


Homogeneously Lead-Lined Pipes, etc. 

Lead-lined pipes, coils, worms, etc., are most useful for mak- 
ing the connections in any acid plant. Such pipes, etc., made 
in any diameter and in lengths up to 20 feet, lead, lined inside 
homogeneously, are made by Messrs. Paul Schuetze & Co., of 
Oggersheim, the English agents for whom are Messrs. S. Bornett 
& Co. The same firm supply pipes, etc., coated externally, and 
also lead and tin-lined apparatus and vessels similarly treated. 
In practice, this homogeneously treated apparatus has been 
found most useful, and lends itself to a variety of purposes 
which it is scarcely necessary to enumerate. 
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Kestnbr’s “ Climbing-Film *’ Evaporator. 

The evaporation of liquids is a process that has been known 
for many centuries ; but only in recent years has a careful study 
been made of the principles 
governing its working. When 
film evaporation was first mtro- 
duced, it was found to effect a 
great economy compared with 
any other form of evaporator 
then known, but it was not 
until the climbing film was in- 
vented that the full possibilities 
of this type of evaporator were 
realized. M. Paul Kestner, of 
Lille, who has had considerable 
experience in film evaporators, 
knew all their limitations, and 
overcame them by means of his 
patent climbing-film apparatus. 

The evaporator has been 
styled a “climbing film” be- 
cause of the climbing of the 
liquids m the tubes. The climb- 
ing action is shown in Fig. 66. 

As will be seen from this sketch, 
the liquid boils in the bottom 
of the tube and is continually 
climbing up the inner surfaces, 
while the centre acts as a pas- 
sage for the steam generated. 

The movement of the liquid 
through the tube is very rapid, 
while the distribution over the 
surface of the tube is perfect. 

The steam generated etcts as an 
invisible core holding the liquid 
close to the tube surface, while 
the continual movement of the liquid over this heated surface 
gives the circulation required to cause rapid heating and evapora- 



PiG. 60. — Keatner “ dimbing-Film ’ 
Evaporator. 
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tion. All the heating surface is of equal value for heating pur- 
poses, and the temperature is under complete control, the result 
being that liquids can be concentrated to any desired degree in. 
one passage through the tubes. 

The liquid to be concentrated passes through the inside 
of the tubes, while the steam for heating is outside the tubes, 
entering the shell at A. The upper casing, S, forms the separa- 
tor, and contains the centrifugal baffle, D. The baffle is so 
designed that it prevents the particles of liquids from passing 
away with the steam through exhaust outlet B. The steam 
which exhausts at B is generated in the tubes by the heat of the 
steam in the shell, and which is admitted at A. When multiple 
effects are used the steam from B is earned to the inlet A in 
the shell of the second effect ; while the concentrated liquid is 
discharged from L direct to the inlet of the second shell. 

Another form of evaporator, and one which may be used for 
many purposes, is the direct-fire heated type. Fig. 67 gives an 
illustration of such an installation. The following description 
shows clearly the method of working : The liquid to be concen- 
trated is contained in the tank X, and flows by gravity into the 
evaporator, through the pipe T. The liquid is concentrated in 
one passage through the tubes, and flows through the pipe L, 
to the tank Y. The steam generated passes through into the 
separator and exhausts through the opening B, from which it 
can be connected to heaters for heating feed-water, for concen- 
trating in vacuum, etc., etc. In addition to this, the apparatus 
is designed so as to take the steam from the opening B, at a 
pressure up to, say, 45 lb. per square inch, so that it can be 
used for similar purposes. The arrangement of the flue and 
the passage of the gases are clearly shown. This gives a very 
economical working plant, as the design of the effect and ar- 
rangement of the tubes are such that all the advantages of a 
steam generator are obtained, as in a modern water-tube boiler. 

There are many works and plants where the Eivers Pollution 
Acts prevents the waste hquids from being returned into rivers, 
and this t3rpe of evaporator, being so inexpensive m design and 
simple in construction, meets a want m that direction that will 
be appreciated by many manufacturers. It has the further 
advantage of bemg easily erected, and does not require expert 
mechanical knowledge to work it. 
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In another type of 
evaporator the heat 
from the exhaust steam 
on its way from the 
engine to the condenser 
is utilized. The exhaust 
steam from the engine 
is delivered into the 
shell of the evapora- 
tor; the heat obtained 
from this steam giving 
the heat required to pro- 
duce the necessary eva- 
poration. A slight drop 
in vacuum results ; but 
at most about 2 inches. 
This would have little 
effect on the economy of 
the engine ; but would 
enable concentration to 
be carried on at a very 
low cost. This neces- 
sitates an evaporator 
slightly different from 
the usual “ climbing 
film ” type. It is what 
is termed a downward 
flow apparatus, as after 
the usual climbing film 
action takes place, the 
steam passes through 
a series of down-flow 
tubes into the con- 
denser. The condenser 
IB coupled up to the ex- 
haust opening in the 
evaporator, and con- 
denses the steam thus 
generated, instead of 
being coupled direct to 




Fig. 67 .— Kestner OUmbing-Film Evaporator, 
Direct- fired Type. 
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the main engine. An automatic exhaust relief valve is provided 
so as to enable the engine to exhaust to atmosphere if required 
at any time. 

When existing installations are overloaded, the question 
often arises as to the best method to extend or increase the out- 
put of the present apparatus. In such a case, the climbing-film 
evaporator can be added to an old-type pan. This can be carried 
out with any design of pan. It is usually the moat satisfactory 
arrangement to make the Kestner the first effect; but eacli 
particular case has to be considered on its own merits, as in 
some instances the effects can be added in parallel with existing^ 
pans, so as to increase their heating surface and the capacity of 
the whole plant. 

Climbing-film evaporators are usually about 30 feet high 
over all. They occupy very little ground space, which is most 
important in works near large towns. 


Watbe-Deiven Obntbietjgals. 

The machines shown in Figs. 68 and 69 represent patent 
water-dnven centnfugals fitted with patent interlocking gear. 
As -will be seen from the illustrations, the water motor is fivarl 
above the framing, and drives the centrifugal basket which i& 
below it through an elastic couphng, the basket being fixed 
at the lower end of a vertical spindle which has only one 
bearing. The water motor, which is of the Felton Wheel 
type, rotates on a ball bearing around a fixed spindle. The 
body of the motor (Fig. 69) is carried upwards and is turned 
over the casing with a double flange, upon which the buckets 
Me mounted. The flanges prevent the water spray from get- 
ing over the top; the spent water is thus compelled to flow- 
through the return water-pipe, back to the water tank which 
supphes the pump for driving the machine. 

To the bottom of the water motor boss there is bolted a, 
upon the upper side of which there are mounted 
the governor baUs in an oil-tight cavity, partly filled with lubri- 

baU-bearing. The governor balls 
nrfl position by the governor springs. The arms 

are coupled by a rod passing up the hollow spindle m the centre 
of the motor to a lever working on a fulcrum placed on the top 
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of the motor case cover ; a swivelling crosshead, through which 
passes the governor rod, is fitted at the outer short end of the 
lever. When the machine attains full speed, the governor 
spindle is moved upwards, and the governor rod is pressed 
downwards, when it acts on a trigger, cutting off the water from 



one of the two jets— the accelerating jet— which can he seen in 
the illustration, leaving the smaller maintaining jet on e 


opposite side in operation. 

Underneath the beams is the elastic bearing 


carrying the 
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upper end of the basket spindle ; into this are fitted indiarubber 
buffer lings, separated from each other by a loose U-shaped 
cast-iron ring. Both top and bottom buffers, therefore, 
support the weight of the centrifugal basket. This patented 



Fig. 69.— Showing Motor of Water-driven Oentrifngals (Pott, Caaaela & 
Williamson). 

arrangement of buffers gives great resilience and perfect steadi- 
ness to the machine when rmmmg with a balanced or un- 
balanced load, and as the buffers are separated by the loose 
U-shaped cast-iron ring, any wear on the bottom buffer 
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is compensated for. The ball-beanng housing fits inside the 
indiaiubber buffers, and contains the compound ball-bearing. 
To permit of the oscillation of the centrifugal spindle and 
basket, the water-wheel above, which does not osciUate, is con- 



Fia. 70.— Water-driven Oentrilngala. Interlocking Gear. 

nected to the brake pulley on the top of the centrifugal spindle 
by three links, the eyes of which are slipped over the points of 
the driving-pins into a groove. The links thus form a strong 
flexible coupling, both simple and effective ; the motor or the 



Pig 71. — Water-driven Oentrifugals. Interlocking Q-ear. 

centrifugal can be detached, when desired, by slipping off the 
links. 

The brake band is supported by an angle iron, resting on a 
flange in the suspending bracket, there being thus no pos- 
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sibility of the brake drooping unequally. When the brake is 
off, there is an equal space all round between the brake band 
and the brake pulley. 

The interlocking gear is shown in Figs. 70 and 71. This 
works as follows : When the interlocking lever is pushed over 



PiQ. 72.— OryotaOUzation m Motion Plant, by Pott, OaBsela & WiUiamson. 


from right to left (see Fig. 70), it opens the accelerating water 
valve, which is on the left hand of the motor case, and, by 
means of a short connecting link, it opens at the same time the 
maintaining water valve, which is on the right hand of the motor 
case, and so causes the jets shown in the section (Fig. 70), 
on both sides of the water-wheel, to act on the water-wheel cups.’ 
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When the hand is removed from the accelerating lever, a sprmg 
IS prevented from cutting off the accelerating water valve by 
the point of a small, round, horizontal trigger rod pressmg 
against the jaw of a trigger-rod bracket, the trigger rod being 
pulled up into the horizontal position by the governor springs 



• Fig '73. — Orystallizatioa in Motion Plant, by Pott, Oassels & ‘Williamson. 

contracting when the machine was stopped the previous time. 
When the machine attains full speed, the governor, as above 
stated, pushes down the governor rod, which, in turn, pushes 
down the trigger rod, when the spring on the accelerating lever 
will shut off thQ accelerating water valve. The maintaining 
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water valve is not affected by this operation (see Fig. 71), and 
remains open until it is desired to stop the machine, when it is 

shut by hand, and the brake applied. ... 

Fig 72 and Fig. 73 represent a crystallization in motion 
plant consisting of crystallizers, centnfugals, and mixer, engine, 
Lew conveyer under centrifugals, and a dry sugar elevator as 
used in the sugar manufacture. It is illustrated here as embody- 



Fig. 74.— Steaming Apparatna, by Pott, Oassela & Williamson. 

ing principles which are of interest. The massecuite is struck ont 
of the vacuTun pan into one of the crystallizers, each crystallizer' 
being of such a capacity as to receive the entire strike ” of ttie 
pan The crystalhzer stirring gear is then put in motion 
and the contents stirred continuously for a longer or shorter 
period of time, according to the quality of the massecuite. Tlie 
tune vanes from twelve to twenty-four hours for first massecuite, 
and from one to two days for second massecuite. The contents of 
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-fclae etystallizer, after being stirred for the required time, are 
discha.ir'ged through a suitable valve into the mixer of the centri- 



foigals, "where the massecuite undergoes a thorough mixing. 
The o^ntrifugals are fed through charging valves and the mas- 


PiQ, 75, Special Ceutnfogal for Mixing and Drying Anthracene and Naphthalene, by Pott, Caasels & ■WiUlamBon. 
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secuite IS cured in the usual manner, the dry sugar being dis- 
charged through the bottom of the centrifugal into the screw 
conveyer and from thence to the dry sugar elevator to the sug'ar 
store. The crystallizers are fitted with friction driving gear, 
which enables any machine to be put m motion or stopped as 
desired, without interfering with the rest of the plant 

Pig 74 shows an arrangement of steaming apparatus. 
The inside is used for cleaning or bleaching the material, and the 
outside steaming is for washing the inside of the monitor case. 
The inside steaming pipes are made so that the pipe can be 
lifted out of the basket by means of a swivel joint This facili- 
tates the removal of the contents 

Pig. 75 shows a special centrifugal, for mixing and dryiii«^ 
anthracene and napthaleiie. The anthracene or napthalene is 
fed into a steam- jacketed mixer, where it is kept at the desired 
temperature duiing the process of mixing. It is then discharged 
into the centrifugal, spun in the usual manner, steamed, and 
discharged through the opening in the bottom of the centrifugal. 


Vacuum Evaporator for Sulphate of Ammonia. 

Pig. 76 shows an improved type of single effect vacuum 
evaporator for dealing with sulphate of ammonia liquors and 
concentratmg these. 

The evaporators are usually constructed of a special quality 
of copper for withstanding the action of the acid, and the heat- 
ing surface is arranged on an improved principle to ensure the 
highest circulation and the best efficiency. 

The illustration shows the plant fitted with a save-all of extra 
large size and area to prevent entrainment, and with a let con- 
denser exhausted by a set of belt-driveu three-throw pumps 
The usual practice, however, is to have a single-throw steam- 
diiven pump, unless the plant is of very large size. 

When the liquors to be dealt with are specially acid, or con- 
tain too high a percentage of chlorine, the evaporators can be 
f? ^°“°g®“eo'isly lined with lead, which is 
face I’s r ^ suitable m this case, and the heating sur- 

ator w separate from and independent of the evapor- 

Mod.fio.t,on. of the 8.me type of evopomlot are also supplied 
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for soap lye, caustic potash and soda, and various other trade 



Pia. 76.-Vacuum] Evaporator for Salpbate of Ammoma, by Bladr, Campbell 
& MoLean, Ltd (Go van). 


Vacuum Drying Plant. 

There arelfew. if any. materials requiring 
not be most suitably dried in a vacuum-provided 
be properly applied. Every liquid boils at a certain temper 
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ture, according to the pressure existing at the time. The 
greater the pressure, the higher the boiling-point. If the 
natural pressure of the atmosphere is removed, it is possible to 
remove the moisture from a body at a much lower temperature 
than under atmospheric conditions. The reduced boiling-point 
has, however, a very important bearing on the rapidity of the 
operation, owing to the greater speed with which the heat units 
are transmitted from the heating medium (steam, water, etc ) to 
the material. Obviously, the greater the difference in tempera- 
ture between these, the greater the quantity of heat transmitted 
in a given tirpe 

Nearly every material is adversely affected by excessive heat- 
ing — either at a high temperature or by prolonged heating 
Consequently, the ideal drying is one of great *rapidity and low 
temperature. This combination is, however, not to be found 
under atmospheric conditions — m order to dry rapidly, the 
boiling-point of the liquid ingredient must be approached ; this 
means, under ordinary pressure, a high temperature and a poor 
product. A vacuum drying properly conducted can, however, 
approach the boiling-point, even reach it in some cases, and yet 
be merely warm 

The Scott vacuum driers made by Messrs. George Scott 
and Son (London), Ltd., of Kingsway House, London, W.C.,. 
and illustrated in Figs. 77 and 78, are designed to combine in 
one apparatus the full advantages of a rapid drying at a low 
temperature. 

The stationary drying apparatus or vacuum stove (Bhg. 77) is. 
the form most generally used, and consists of a solidly con- 
structed receptacle fitted with a number of shelves, provided 
with a door and suitable exhausting and condensing arrange- 
ments. Such an apparatus, to be practical and useful, should 
be capable of turning out the product as uniioriu as possible 
This can only be obtained by securing staunchness in the sieam 
shelves, an efficient distnbution of the steam, and a f i-ee clear- 
ance and condensation of the expelled moisture. The interior 
of the stove should be as free from moist vapours as possible 

The body of the stove is built up of heavily ribbed castings, 
carefully machined at every joint. The standard ‘‘ Scutt ” stove 
is supplied in rectangular form, and thus saves all waste space. 
The back of the stove is constructed m either case in mild steel. 
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and carries the vacuum and steam connections. The door is 
specially constructed in light steel plate, with strong forged rim 







and cross-pieces. This produces a hght but strong, easily 
handled door. The shelves are of special grid type, made with- 


Fio. 77*— Vacuum Drying Stove, 
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out any jointing, and tested to 100-lb. pressure per square inch. 
The heating medium, such as steam or hot water, traverses 
every portion of the shelf. The exhausted vapours have free 
passage at the back of each shelf, and therefore pass rapidly 
away. 

A condenser with solid drawn brass tubes is provided, with 
a receiver for containing the liquid driven ofif from the charge 
during drying, the latter being supplied with inspection fittings, 
allowing the stream of condensed liquid to be continually under 
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Eig. 78. — Contmnoufl Vaouum Drying Apparatus. j J| 1 

observation, and thus mdicatmg the con- - | 
dition of the material in the stove The •; I t 

vacamn is obtained by means of a vertical ; Jsst' 

dry pump, with mechanically moved valves ’ 

The stationary stove is specially suited j -1 , - „ 

for the drying of colours, nitro-compounds, explosives” ^tta- 
per^a, casein, soap, fine chemicals, and crystals of all kinds. 

The Scott Patent Continuous Dryer, shown m Pig. 78, has 
been designed to provide a drier combining the advantages of 
the vacuum stove with the absence of handling. This new 
drier cannot be adapted to the requirements of every substance, 
but IS specially suitable for continuously producing a dry nowder 
direct from the liquid without intermediate handling The 
apparatus consists of a suitably constructed chamber furnished 
^th endless metallic bands supported and put in motion by 
driven rollers. These bands are supplied with the liquid to be 
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dried by an automatic spreading device, and pass in their course 
over and close to steam- heated surfaces The speed of the 
machine is regulated so that the material is dry on reaching the 
farther end of the drymg chamber, where revolving brushes 
remove the dried material and direct it into a conveyer trough, 
whence it finds its way into one or other of the receivers pro- 
vided, which are discharged and filled alternately. The material 
cannot be overheated by prolonged contact with the heating 
surface, and in this respect the machme has a great advantage 
over the shelf stove. The apparatus while supplied with hquid 



Fio. 79. — ^VacuTim Drying Plant. 


continues to produce the one grade of material without inter- 

"’IhrdtrwSl^vrret thoroughly ^^ed m ^ 
work, are suitable for drying such materials as glue, dye extract, 

tnnniii extracts, shellac, albumen, etc. 

^ type of vacuum drymg plant which is m very 

„ W Em.l o< ^ 
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vacuum drying-chamber plant erected at Mr. Passburg’s works 
pnor to being packed for shipment. Many similar plants have 
been supplied to chemical and colour works. 

The material to be dned is spread evenly upon trays, which 
are placed between the heating shelves in the chamber The 
swinging hinged door is then closed and tightly secured, and the 
vacuum pump set to work. The exhaust steam from the steam 
cylinder of the vacuum pump is used for the heating shelves, 
and by the time the wet material has been warmed to til)()iit 
90'’ F. the pump will have obtained a vacuum of 2R to 29 inches, 
and the moisture is removed rapidly by boiling at this low 
temperature The vapour is drawn to the surlace condioiser, 
where it is condensed and collects in the base of the condenser. 
The average drying time tor colours is from five to six houi*h. 

Most materials in a warm, moist condition are injuriously 
affected by the oxygen in the air, but this action, owing to tlu' 
exclusion of the air. is entirely avoided in the vacuum apparatus. 
The vacuum pump only requires from three-quartors to um* 
hour to maintain the vacuum. These chambers an* advan- 
tageously used for recovering spirit. The latest improvonicnt 
m the construction of the chambers is that the edges of tlu^ 
heating shelves, which used to be riveted and had the stc^am 
inlet and outlet pipes screwed into them, are now made with 
welded edges, and the pipes are welded to the shelves This 
improvement has done away with the lodgment of water on i\u\ 
bottom of the stielves and of air on the top, as the iiiaide of tiie 
welded pipes are on the same level as the inside top and bottom 
of the shelves. Over a hundred Passburg chambers have htvn 
supplied to British works, and many hundreds to Continontal 
establishments. 

The shelf chamber shown is saitable for colours, chemicals, 
aniline and other dyes, dextrine and other gums, gambler, glu(‘ 
and gelatine, and all kinds of pulps and pastes, etc Kotury 
dryers are also supplied tor granular substances, such as starch, 
dextrine, saltpetre, chalk, soap-j^owder, artificial manures, 
etc 

The Scott Triple-Eeeegt Evaporator. 

Fig. 80 shows a triple-effect evaporator by Messrs. George 
Scott & Son (London), Ltd., fitted with a final finishing pan for 
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completing to high strengths by the use of exhaust steam — ^in 
fact, the whole plant works throughout with exhaust steam. 

The combination shown is a very complete one, as it is 
provided with a Torricelli or barometric self-delivery type 
condenser, a steam-driven displacement pump, the latter being 
combined with the water pump for the condenser, and a drip 
water pump for removing the condensed steam from the effects. 

A particular feature of this apparatus (of which the makers 



Fig 80.— Triple-effect Evaporator. 

h'uva about 4000 at woill). i9 tbs patent beatii^ sytlem, which 
t m the totmof a number ol v«hcal tubs* of tegs and smah 

tT: tuhst a‘rs hsttter 
Ions ones, and the makeis 

e,peneu=s wh.ch J. thing 

medium between the short ana g 


170 


CHEMICAL WORKS DESIGN AND EQUIPMENT. 


The tubes are long enough to produce an efficient circulation, 
and short enough to prevent any possibility of dry spots on the 
heating surface, and also short enough to allow the vapour to 
be freed much more readily than if a longer tube is employed* 
All varieties of these evaporators are made by Messr-s. Scott & 
Son, and each is specially designed for its particular duty. 



APPENDIX I. 

ON THE CHEMICAIi ENGINEEE. 


The function of the chemical engineer has now become fairly 
well defined, and hiS value more clearly appreciated than was 
the case even a few years ago. When a chemical manufacturer 
was faced with the problem of the erection of a new works, the 
re-inodelling of an o]d one, or the addition of new plant to his 
existing equipment, it was formerly the custom for him to call 
in one of the contractors familiar with general chemical plant, 
and to rely very largely upon him for the carrying out of any 
constructional work that might be required. The chemical con- 
tractor had the advantage of being able to give information as 


to what other manufacturers were doing in connection with 
any particular type of plant. Frequently he would be in pos- 
soKsiou of drawings prepared by some consulting engineer, and 
could make use of such drawings modified to smt the particular 
case. He might not be an engineer in the real sense of the 
term. Very frequently he was nothing of the kind, and the 
confidence of the manufacturer was often misplaced, resultmg 
in the expenditure of large sums of money on plant, which, in 
practice, proved not suitable for his requirements. Very grad- 
ually, during the last twenty years, it has been recognized by 
chmnical manufacturers that the designmg of plant for the 
various operations required a peculiar combination of en^neer- 
mg and chemical knowledge. In the first place, the ^a^en^" 
nsed 111 the construction of the plant are not those with which 
the average mechanical engineer is familiar ; there ore, i was o 

^ oombin...on andchen,.»l know- 
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ledge is rarely possessed by an engineer pure and simple, and 
this fact has led to the evolution of a specialist who combines 
the two branches of scientific abllit5^ It is often said, and that 
most emphatically, that in a large chemical works the most 
important man on the executive stafp is the engineer, and in 
support of this argument it is asserted that the largest and 
most successful works are those where competent mechanical 
engineers are found at the head of affairs The truth of the 
matter is that either such engineers have secured a compara- 
tively extensive acquaintance with the chemical operations 
involved, or that they have the co-operation of an equally 
competent staff of works chemists In many cases, as already 
hinted, the engineer in charge has studied the chemical side of 
works management, or the chief chemist has devoted much 
attention to the engineering details of the plant for which he is 
responsible In either of these cases we see the chemical en- 
gineer in the making. The engineer has absorbed ‘ sufficient 
chemical knowledge to convert himself into an efficient chemical 
engineer, or the works chemist has absorbed sufficient practical 
engineering to produce the same satisfactory result. Whether 
it be that practical engineering, plus the knowledge of chemical 
details, produces the desired specialist, or that technical chem- 
istry, plus engineering knowledge, results m the same product, 
is quite inunaterial ; either process frequently produces the man 
who is the chemical manufacturer’s best lieutenant. The secret 
of chemical engineering success is the combination of the two 
classes of technical experience. We have known typical ex- 
amples of both processes of evolution, and the result has been 
equally satisfactory in each instance. 



APPENDIX II. 

THE SAW-MILL AND BOX-MAKING DEPARTMENT. 

As ail adjunct to a factory where the products require to be 
packed in boxes, a saw-mill and box-makmg department is ne- 
cessary. Following the usual procedure with respect to other 
manufactured articles, of passing from the raw material to the 
finished product — in this case the rough timber being the raw 
material and the finished product the boxes— the most suitable 
arrangement is to have -the rough timber stored close to the 
siding where it is unloaded. Very few firms buy the timber m 
the log, but content themselves with purchasing it in the St. 
Petersburg standard of battens or planks ; or, where a cheaper 
supply of timber suitable for box-making is available m the 
shapi' of the rough ends of sleepers, it is common in this latter 
case to buy the timber by the fathom. Leading from this store, 
which will of course be proportioned as to size according to the 
output of the factory, the saw -mill is placed next to it. 

A row of cross-cut benches will be the first machines to lay 
down, as the timber, on leaving the store, is cut up into suitable 
blocks, from which the boards for forming the sides and ends of 
the boxes will be afterwards cut. Ample room should be left 
between these saw-benches, so that m sawing up a plank into 
the various lengths there will be no risk of one saw-bench foul- 
inrr another and in this connection the room required for pi^g 
"ho “ock, « .ho, «« CO. from the pkoko shoold ho 

aro poaUelwth one another, a 
the sawdust may be placed underground, running the whole 
111* 01 the range ol and the .awe pl»=,d ow the 

on^eirders. Such an arrangement as this would lend itse 
f lilv to the employment of mechanical means for con- 
* hVper. whp .t can he atored lor nee, or 
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conveyed to boilers where it may be burned as fuel. Where a 
very large quantity of sawdust is made, it might be advisable to 
consider whether it would pay to put down a wood distillation 
plant. Amongst several other uses for sawdust is that of the 
manufacture of fire-hghters, while a good deal is generally dis- 
posed of for local purposes. 

Behind the range of cross-cut saws is placed a further range 
of circular saws, for cutting the rough blocks into suitable 
thicknesses to form the several parts of the boxes. If dove- 
tailing and planing are required, these machines will be next in 
order, but for many purposes the boxes are sufficiently finished 
if made up of the timber as it leaves the saw-bench, and it only 
remains for the several parts to be passed on to the box-nailing 
machines. In our suggested plan of a saw-mill, we have only 
taken into consideration the production of boxes made m the 
rough, and therefore only requiring the saw-benches and box- 
nailing machines to complete the boxes ready for the store. 

As adjuncts to the box-making department, a printing press 
may be required, or a branding department, but these can easily 
be added to the suggested design. 

Where electricity is the motive power the counter-shaft for 
the saws may run at a high speed, as there would be no advan- 
tage in reducing the speed from the motor to a counter-shaft, 
and agam increasing it to the saws, as most of these will be 
running at from 800 to 1000 revolutions per minute. A counter- 
shaft will be needed for the box-naihng machines, as these 
only run at something like sixty to eighty revolutions per 
mmute. 

In many factories where the products are packed in boxes, 
and even where a sawmill is installed, it is customary to buy the 
component parts of the boxes all ready for puttmg together. 
These parts can be purchased either m the rough, or planed or 
dove-tailed, and stamped with name or brand, and in this case it 
is customary to fix a piecework price for the carpenters to put 
the boxes together, prices naturally varying according to the 
amount of labour reqmred, as to whether the box is put together 
with screws, nailed, or the lids strengthened with battens, or 
any additions of this nature. In some cases boxes are made 
with rope handles, in which case the fixing of these is an extra. 
Again, the boxes are sometimes required to be watertight, w'hen 
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they are passed on from the sawmill to the plumber to lead-hne, 
and this operation m some works becomes a large department. 

It will of course be necessary to keep down as far as possible 
the stock of ready-made boxes, as the space occupied by a large 
stock is very great, and in most cases the supply is so well regu- 
lated to the demand as not to cause any great storage to be 
necessary. 

The low cost at which foreign boxes, all ready for making 
up, can be procured, should be carefully taken into considera- 
tion where only a limited supply is required before putting 
down a mill for their production, unless sizes are apt to vary 
frequently. 

Boxes used in the explosives trade are generally well finished, 
in some cases planed both sides, but in any case planed on one 
side. They are usually dove-tailed and put together with brass 
screws. The commoner boxes are sometimes nailed together 
with copper nails, but no iron nails or screws are permissible 



APPENDIX III. 

THE ALKALI, ETC., WOEKS EEGXJLATION ACT. 

Part I — Alkali Works and Alkali Waste. 

1. — (1) Every alkali work shall be carried on in such manner 
as to secure the condensation, to the satisfaction of the chief 
mspector, of the muriatic gas evolved in such work, to the 
extent of 95 per centum, and to such an extent that m each 
cubic foot of air, smoke, or chimney gases, escaping from the 
works into the atmosphere, there is not contained more than one- 
fifth part of a grain of munatic acid 

(2) The owner of any alkali work which is carried on in 
contravention of this section shall be liable to a fine not exceed- 
ing, in the case of the first offence, £50, and in the case of every 
subsequent offence £100. 

2. — (1) In addition to the condensation of muriatic acid gas 
as aforesaid, the owner of every alkali work shall use the best 
practicable means for preventing the escape of noxious or 
offensive gases by the exit flue of any apparatus used in any 
process carried on in the work, and for preventing the discharge 
of such gases into the atmosphere, whether directly or by a 
chimney or other outlet, and for rendering such gases where 
discharged harmless and inoffensive, subject to the qualification 
that, on the basis of the amount of the acid gas per cubic foot, 
no objection shall be taken under this section by an mspector to 
any munatic acid gas in the air, smoke, or gases discharged into 
the atmosphere by a chimney or other outlet where the amount 
of such acid gas in each cubic foot of air, smoke, or gases so 
discharged does not exceed the amount limited by the last 
preceding section. 

(2) If the owner of any alkali work fails, in the opinion of 
the court having cognisance of the matter, to use such means, 
he shall be liable to a fine not exceeding, in the case of the first 

(176) 
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offence, £20, and m the case of every subsequent offence, £50, 
with a further sum not exceeding £5 for every day during which 
any subsequent offence has continued. 

Every work of whatever description in which any 
licjuid containing either acid or any substance capable of liberat- 
ing sulphuretted hydrogen from alkali waste or drainage there- 
from is produced or used shall be earned on m such manner 
that the liquid shall not come in contact with alkali waste, or 
with drainage therefrom, so as to cause a nuisance. 

(2) The owner of any work which is carried on in contraven- 
tion of this section shall be liable to a fine not exceeding, in 
the case of the first offence, £50, and in the case of every subse- 
quent offence, £100, with a further sum not exceedmg £5 for 
ovory day during which the offence has continued. 

(I'l) On the request of the owner of any such work as is men- 
tioned in this section the sanitary authority of the district in 
which such work is situate shall, at the expense of such owner 
provide and maintain a drain or channel for carrying off such 
licpiid into the sea or into any river or watercourse into which 
the liquid can be carried without contravention of the Eivers 
J’ollutiou Act, 187G, as amended by any subsequent enactment ; 
and the sanitary authority shall for the purpose of providing any 
sucdi drain or channel have the like powers as they have for 
])roviding sowers within or without their district, under the 
Public Health Act. 

f4) Uoinpcnsation shall bemade to any person for any damage 
sustained by him by reason of the exercise by a sanitary authority 
of tlic powers conferred by this section, and such compensation 
shall he deemed part of the expenses to be paid by the owner 
making the request to the sanitary authority under this section. 

I. (1) Alkali waste shall not be deposited or discharged 

without the best practical means being used for effectually pre- 
venting any nuisance arising therefrom. 

(2) Any person who causes or knowingly permits any alkali 
waste to be deposited or discharged in contravention of this 
section shall be liable to a fine not exceeding, in the case of the 
first offence. £20, and in the case of every subsequent offence, 
£.")(), with a further sum not exceeding £5 for every day during 
^\lllcll any such subsequent offence has continued. 

.<5 —Wheie alkali waste has been deposited or discharged, 

12 
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eith-sr befor© or after the coiQiQGDceiiient of this Act, and com- 
plsjnt is made to the chief inspector that a nmsance is occa- 
sioned thereby, the chief inspector, if satisfied of the existence 
of the nuisance, and that it is within the power of the owner or 
occupier of the land to abate it, shall serve a notice on such 
owner or occupier requiring him to abate the nuisance ; and 
if such owner or occupier fails to use the best practicable and 
reasonably available means for the abatement thereof he shaD 
be liable to a fine not exceeding £20, and if he does not proceed 
to use such means within such time as may be limited by the 
court inflicting such fine he shall be liable to a further penalty 
not exceeding £6 for every day after the expiration of the time 
so limited during which such failure continues. 

Paet n. — SuLPHUEic Aoid, Mueutic Aoid, and Othee 
Specified Woeks. 

6. — (1) Every sulphuric acid work, as defined in paragraph 

(1) of the First Schedule to this Act shall be earned on in such 
manner as to secure the condensation, to the satisfaction of the 
chief inspector, of the acid gases of sulphur or of sulphur and 
mtrogen which are evolved m the process of the manufacture of 
sulphuric acid in that work, to such an extent that the total 
acidity of those gases in each cubic foot of residual gases after 
completion of the process, and before admixture with air, smoke, 
or other gases, does not exceed what is eqmvalent to four grains 
of sulphuric anhydride 

(2) Every muriatic acid work, as defined in paragraph (8) of 
the First Schedule to this Act, shall be carried on in such man- 
ner as to secure the condensation to the satisfaction of the chief 
inspector of the muriatic acid gas evolved in such work, to such 
extent that in each cubic foot of air, smoke, or chimney gases 
escaping from the work into the atmosphere, there is not con- 
tamed more than one-fifth part of a gram of muriatic acid. 

(3) The owner of any sulphuric acid work, or of any muriatic 
acid work which is carried on m contravention of this section, 
shall be liable to a fine not exceeding, in the case of the first 
offence, £50, and, in the case of every subsequent offence, £100. 

7. — (1) The owner of any work specified in the First Sche- 
dule to this Act (hereinafter referred to as a scheduled work) 
shall use the best practicable means for preventmg the escape of 
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noxious or offensive gases by the exit flue of any apparatus used 
in any process carried on in the work, and for preventing the 
discharge of such gases into the atmosphere, whether directly 
or by a chiiiiney or other outlet, and for rendering such gases 
where discharged harmless and inoffensive, subject to the 
qualification, that on the basis of the amount of acid gas per 
cubic foot, no objection shall be taken under this section by an 
inspector : — 

(a) To any muriatic acid gas in the air, smoke, or gases dis- 
charged into the atmosphere by a chimney or other outlet, where 
the amount of such acid gas in each cubic foot of air, smoke, or 
gases so discharged does not exceed the amount lunited by the 
last preceding section. 

{j)) To any acid gases in the air, smoke, or gases discharged 
into the atmosphere by a chimney or other outlet receiving the 
residual gases from any process for the concentration or dis- 
tillation of sulphuric acid, where the total acidity of such acid 
gases (including those from the combustion of coal) in each 
cubic foot of air, smoke, or gases so discharged does not ex- 
ceed what is equivalent to one gram and a half of sulphuric 


anhydride. 

(2) If the. ownor of any such work fails, in the opinion of the 
court having cognij^ance of the matter, to nse such means, he 
shall lie liable to a flue not exceeding, in the case of the first 
offe.ncc, £'20, and, in the case of every subsequent offence, £50, 
with a further sum not exceeding £5 for every day during which 


any such subsequent offence has continued 

' H.— (1) An inspector may inquire whether, in any works m 
which aluminous deposits are treated for the purpose of making 
cement, hort'inaftor called cement works, means can be adopted 
at a reasonable expense for preventing the discharge from the 
furnaces or chimneys of such works into the atmosphere of any 
noxious or offensive gas evolved in such works, or for rendermg 
such gas where discharged harmless or inoffensive. 

('2) Where it appears to the Local Government Board that 
such means can l>e adopted at a reasonable expense, the Board 
may by order require the owners of such works to adopt the 
best practieable means for the purpose, and may by the order 
l,.mt the amonnl or proiK.rtioo, m the eoee of oemmt works of 
eny noxious or offensive g«B, which is to be penmUed to escape 
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from such works into the chimney or into the atmosphere, and 
may also by the order extend to such works such provisions of 
this Act relating to scheduled works as they think fit. 

(3) An order made under this section shall be provisional 
only, and shall not be of any validity until confirmed by Parlia- 
ment, but when so confirmed shall have full effect, with such 
modification as may be made therein by Parliament ; and the 
expression “this Act ” when used in this Act shall be deemed 
to include an order so confirmed, so far as is consistent with the 
tenor of that order. 

(4) The Board shall take such steps as they may think fit 
for giving notice to persons interested of the provisions of any 
order made by them under this section before any bill for con- 
firming the same is introduced into Parliament. 

(6) An order made under this section may impose fines for a 
breach of its provisions of like amount as any fines imposed by 
this Act for offences against this Act. 

(6) An order made under this section may be repealed, 
altered, or amended by any subsequent order made under this 
section, and confirmed by Parhament 

Paet ni. — (i) Eegibteation of Woeks 

9. — (1) An alkali work, a scheduled work, or cement work, 
shall not be carried on unless it is certified to be registered 

(2) The work shall be registered in a register containing the 
prescnbed particulars, and the register shall be conducted and 
the certificates issued in the prescribed form. 

(3) A certificate of registration, if issued at a time when a 
previous certificate is in force, shall be in force for one year 
after the time when that certificate ceases to be in force, and if 
issued at a time when no previous certificate is in force shall be 
in force until the following first day of Apnl. 

(4) An application for a certificate of registration of a work 
may, m the case of the first registration of that work, be made 
at any time, and an application fo^ any subsequent certificate 
shall be made in the month of January or February. 

(6) A certificate of registration shall be issued on application 
being made in the prescnbed manner by the owner of the work, 
if the conditions of registration are complied with, and one of 
the conditions, in the case of the first registration of an alkali 
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or scheduled work, or the registration of such a work if the 
work has been closed for a period of twelve months previously, 
shall be that the work is at the time of registration furnished 
with such appliances as appear to the chief inspector or, on 
appeal, to the Local Government Board to be necessary in order 
to enable the work to be carried on in accordance with such of 
the requirements of this Act as apply to the work. 

Provided that the Local Government Board may dispense 
with the last-mentioned condition in the case of works erected 
before the commencement of this Act which were not before 
the commencement of this Act required to be registered. 

(6) There shall be charged upon every such certificate a 
stamp duty of £5 in the case of an alkali work, and of £3 in the 
case of any other work; and the Commissioners of Inland Bev- 
enue shall issue stamped forms of certificate for the purpose. 

(7) Written notice of any change which occurs in the 
ownership of a work, or in the other particulars stated in the 
register shall within one month after such change be sent by 
the owner to the Local Government Board, and the register 
and the certificate shall be altered accordingly in the prescribed 
manner without charge and without the issue of a new certi- 
ficate. If such notice is not sent as so required, the work shall 
not be deemed to be certified to be registered. 

(8) The owner of a work which has been earned on in con- 
travention of this section shall be liable to a fine not exceeding 


(ii) Inspbotion. 

no). 1 The Local Government Board shall, with the ap- 

proval of the Treasury as to numbers and salaries or remun^a- 
tion, appoint such inspectors (under whatever title they may bx) 
as the Board think necessary for the execution of this Act, and 
may assign them their duties and award them their salanes or 
remuneration, and shall constitute a chief inspector and may 
regulate the cases and manner m which the inspectors ar 
e.xecute and perform the powers and duties of inspectors under 
this Act and may remove such inspectors. 

^ (2) Nohoeol L appointment oi 

be pnbl,ahed m the '•London (Heette," and a copy of th. 
“Gnzette” shall be evidence of the appointment. 

(3) The salanes or remuneration of the inspectors, an sue 
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expenses of the execution of this Act as the Treasury may 
sanction, shall be paid out of moneys provided by Parliament. 

(4) A person holding the office of chief inspector or inspector 
shall not be employed in any other work except with the sanc- 
tion of the Local Government Board. 

11 . — A person who — 

(a) acts or practises as a land agent ; or 
(5) is engaged or interested directly or indirectly in any 
work to which this Act applies, or m any patent for 
any process or apparatus carried on or used in any 
such work, or in any process or apparatus connected 
with the condensation of acid gases, or ivith the 
treatment of alkali waste, or with preventing the 
discharge into the atmosphere or rendering harm- 
less or inoffensive any noxious or offensive gas, or 
othervTise with any of the matters dealt with by this 
Act; or 

(c) is employed in or about or in connection with any 
work to which this Act applies, or in any other 
chemical work for gain, 

shall be disqualified to act as an inspector under this Act. 

12. — (1) For the purpose of the execution of this Act, an in- 
spector may at all reasonable times by day and night, without 
giving previous notice, but so as not to interrupt the process of 
the manufacture, 

(a) enter and inspect any work to which, in the opinion 

of the Local Government Board, any of the pro- 
visions of this Act applies; and 

(b) examine any process causing the evolution of any 

noxious or offensive gas, and any apparatus for 
condensing any such gas, or otherwise preventing 
the discharge thereof into the atmosphere, or for 
rendenng any such gas harmless or inoffensive when 
discharged; and 

(c) ascertain the quantity of gas discharged into the at- 

mosphere, condensed or otherwise dealt with ; and 

(d) enter and inspect any place where alkaJi waste is 

treated or deposited, or any liquid containing either 
acid or any other substance capable of liberating 
sulphuretted hydrogen from alkali waste or drainage 
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therefrom is hkely to come into contact with alkali 
waste or drainage therefrom ; and 
(e) apply any snch tests and make any|sxich experiments, 
and generally make any snch inquiries, as seem to 
liim to be necessary or proper for the execution of 
his duties under this Act. 

^ (2) The owner of any such work shall, on the demand of the 
chief inspector, furnish him within a reasonable time with a 
sketch plan, to be kept secret, of those parts of such work in 
which any process causing the evolution of any noxious or offen- 
sive gas or any process for the condensation of such gas, or for 
preventing the discharge thereof into the atmosphere, or for 
rendering any such gas hapnless or inoffensive when discharged 
is carried on. 

(3) The owner of every such work and his agents shall ren- 
der to every inspector all necessary facilities for entry, inspection, 
examination and testing in pursuance of this Act. 

(4) livery owner of a work in which such facihties are not 
afforded to an inspector as required by this Act, or in which an 
inspector is obstructed in the execution of his duty under this 
Act, and every person wilfully obstructing an inspector m the 
execution of his duty under this Act, shall be liable on con- 
viction under the Summary Jurisdiction Acts to a fine not 
oxcoGdiiig £10. 

13. — The chief inspector shall, on or before the 1st day of 
March in every year, make a report in writing to the Local 
(-1 ov eminent Board of the proceedings of himself and of the 
other inspectors under this Act, and a copy of such report shall 
bo laid before both Houses of Parliament. 

14. — (1) If any sanitary authority apply to the central 
authority for an additional inspector under this Act, and under- 
take to pay a proportion of his salary or remuneration, not 
being less than one-half, the Local Government Board may 
(if they see fit), with the sanction of the Treasury, appoint 
an additional inspector under this Act, to reside within a con- 
venient distance of the works he is required to inspect ; and 
such inspector shall have the same powers and be subject to the 
flame power of removal and the same regulations and hahilities 

as other inspectors under this Act. 

(2) The proportion of salary or remuneration aforesaid shall 
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be paid at prescribed times into the Exchequer, and shall be a 
debt due from the sanitary authority to the Crown. 

(lii) Special Eulbs. 

15. — (1) The owner of an alkah work, or of a scheduled work, 
may, with the sanction of the central authority, make special 
rules for the gmdance of hie workmen who are employed in or 
in connection with any process causing the evolution of any 
noxious or offensive gas, or in or in connection with the con- 
densation or other treatment of that gas, and may annex fines 
to any violation of such rules, so that the fine for any offence do 
not exceed £2. 

(2) A printed copy of the special rules in force under this 
section m any work shall be given by the owner of that work to 
every person working or employed in or about that work who is 
affected thereby. 

(3) Any fine incurred under this Act in respect of an offence 
against a special rule may be recovered in accordance with the 
Summaay Jurisdiction Acts. 

(iv) Peoobduee. 

16. — ^In calculating the proportion of acid to a cubic foot of 
air, smoke, or gases, for the purpose of this Act, such air, smoke, 
or gases shall be calculated at the temperature of 60 degrees 
of Fahrenheit’s thermometer, and at a barometric pressure of 
30 inches. 

17. — The following regulations shall have effect with respect 
to the recovery of fines for offences under this Act other than 
fines recoverable summarily. 

(1) Every such fine shall be recovered by action in the county 
court having jurisdiction in the district in which the offence is 
alleged to have been committed. 

(2) The action shall not be brought without the sanction of 
the central authority, nor by any person other than the chief 
inspector or such other inspector as the Local Government 
Board may m any particular case direct, nor, except as respects 
a fine for-the contravention of the provisions of this Act as to 
the registration of works, after the expiration of three months 
from the commission of the offence, and for the purposes of such 
action the fine shall be deemed to be a debt due to such inspector. 
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(3) The plaintiff in any action for a fine under this Act shall 
he presumed to be an inspector authorized under this Act to 
bring the action, until the contrary is proved by the defendant. 

(4) The court may on the application of either party, appomt 
a person to take down in writing the evidence of the witnesses, 
and may award to that person such remuneration as the court 
thinks just ; and the amount so awarded shall be deemed to be 
costs in the action. 

(5) If either party in any action under this Act, feels ag- 
grieved by the decision or the direction of the court in point of 
law, or on the merits or in respect of the admission or rejection 
of any evidence, he may appeal to the High Court. 

(0) Subject to the provisions of this section, all the enact- 
ments, rules and orders relating to proceedings in actions in 
county courts, and to enforcing judgments in county courts, and 
to appeals shall apply as if the action related to a matter -within 
tho ordinary jm-isdiction of the court. 

18. — (1) In any proceeding under this Act in relation to a fine 
for an offence other than an offence against a special rule : — 

(a) It shall be sufficient to allege that any work is a work 
to which this Act applies, without more ; and 

(b) It shall bo sufficient to state the name of the registered 
or ostensible owner of the work, or the title of the firm 
by which tho employer of persons m such work is generally 
known. 

(2) A person shall not be subject to a fine under this Act for 
more than one offence in respect of the same work or place in 
respect of any ono day. 

(3) Not less than twenty-one days before the hearing of any 
proceeding against an owner to recover a fine under this A.ct 
for fiulmg to soouru the condensation of any gas to the satis- 
faction of the cliief inspector, or for failing to use the best 
practicable means as required by this Act, an inspector shall 
servo on the owner proceeded against a notice m writing stating, 
as the case requires, either the facts on which such chief in- 
spector founds his opinion, or the means which such owner 
has failed to use, and the means which, in the chief inspectors 
opinion would suffice, and shall produce a copy of such notice 
before the court having cognisance of the matter. 

(4) A person shall not be liable under this Act to an increased 
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fine in respect of a second offence, or in respect of a third or any 
subsequent offence, unless a fine has been recovered within the 
preceding twelve months against such person for the first of- 
fence or the second or other offence, as the case may be. 

19. — All fines recovered under this Act, other than fines 
recovered summanly, shall be paid into the Exchequer. 

20. — The owner of a work in which an offence under this Act 
other than an offence against a special rule has been proved to 
have been committed shall in every case be deemed to have 
committed the offence, and shall be liable to pay the fine, unless 
he proves to the satisfaction of the court before which any pro- 
ceeding IS instituted to recover such fine, that he has used due 
diligence to comply with and to enforce the execution of this Act, 
and that the offence in question was committed, without his 
knowledge, consent, or connivance, by some agent, servant, or 
workman, whom he shall name as the actual offender; in 
which case such agent, servant, or workman shall be liable to 
pay the fine, and proceedings may be taken against him for the 
recovery thereof and of the costs of all proceedings which may 
be taken either against himself or against the owner under the 
Act . 

Provided that it shall be lawful for the inspector to proceed 
against the person whom he believes to be the actual offender, 
without first proceeding against the owner, in any case where 
the inspector is satisfied that the owner has used all due dili- 
gence to comply with and to enforce the provisions of this Act, 
and that the offence has been committed by that person without 
the knowledge, consent, or connivance of the owner. 

21. — Any notice, summons, or other document required or 
authorized for the purposes of this Act to be delivered to or 
served on or sent to the owner of any work, may be served by 
post or by delivering the same to the owner, or at his residence 
or works ; and the document shall be deemed to be properly 
addressed if addressed to the registered address of an owner, 
or when required to be served on or sent to the owner of any 
works, if addressed to the owner of the works at the works, with 
the addition of the proper postal address, but without naming 
the person who is owner 

22. — (1) Where complaint is made to the central authority 
by any sanitary authorit}', or information is given by any of 
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their ofl&cers or any ten inhabitants of their district, that any 
work to which this Act applies is carried on (either within or 
without the district) in contravention of this Act or that any 
alkali waste is deposited or discharged (either within or without 
the district) in contravention of this Act, and that a nuisance is 
occasioned thereby to any of the inhabitants of their district, 
the central authority shall make such inquiry into the matters 
complained of, and after the inquiry may direct such proceed- 
ings to be taken by an inspector as they think fit and just. 

(2) The sanitary authority complaining shall if so required 
by the central authority, pay the expense of such inquiry. 

23. — (1) Where a nuisance arising from a discharge of any 
noxious or offensive gas or gases is wholly or partially caused by 
the acts or defaults of the owners of several works to which 
any of the provisions of this Act applies, any person injured by 
such nuisance may proceed against any one or more of such 
owners, and may recover damages from each owner made a 
defendant in proportion to the extent of the contribution of that 
defendant to the nuisance, notwithstanding that the Act or 
default of that defendant would not separately have caused a 
nuisance. 

(2) This section shall not authorize the recovery of damages 
from any defendant who can produce a certificate from the chief 
inspector that in the works of that defendant the requirements 
of this Act have been complied with when the nuisance arose 

(v) Miscellaneous. 

24. — Any expenses incurred by a sanitary authority under 
this Act shall be defrayed as general expenses incurred by the 
^iiithority m the execution of the Public Health Act. 

26. — In determining any matter which under this Act is to 
be determined by the chief inspector, the chief inspector may 
found his opinion on facts disclosed by his own examination, or 
by an examination by any other inspector. 

26 — (1) For a period of three years after the commence- 
ment of this Act, paragraph (&) of section 7 of this Act shall 
apply where the process for the concentration of sulphuric acid 
IS that known as the overheat pan process, as if in that para- 
graph two grains of sulphuric anhydride were substituted for 
one gram and a half of sulphuric anhydride. 
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(2) For the purposes of this section “ the overheat pan pro- 
cess ” means the process in which the concentration of sulphuric 
acid is effected by the passage of the heated gases resulting from 
the combustion of fuel over the surface of the acid. 

27 _(i) In this Act, unless the context otherwise requires, 
the expression ** alkali work means every work lor—" 

(а) the manufacture of sulphate of soda or sulphate of 

potash; or 

(б) the treatment of copper ores by common salt or other 

chlorides whereby any sulphate is formed, or in which 
muriatic acid gas is evolved. The expression “ noxi- 
ous or offensive gas” includes the following gases 
and fumes : muriatic acid ; sulphuric acid ; sul- 
phurous acid, except that arising solely from the 
combustion of coal ; nitric acid and acid-forming 
oxides of nitrogen ; sulphuretted hydrogmi ; chlorine 
and its acid compounds ; fluorine compounds ; cyan- 
ogen compounds ; bisulphide of carbon ; chloride 
of sulphur ; fumes from cement works ; fumes con- 
taining lead, copper, antimony, arsenu;, zinc, or 
their compounds; fumes from tar works. 

The expression “ owner ” includes any lessee, occupier, 
or any other person carrying on any work to which this Act 
applies. 

The expression “best practicable means,” where used with 
respect to the prevention of the escape of noxious and offensive 
gases, has reference not only to the provision and the elliciunt 
maintenance of appliances adequate for preventing such escape, 
but also to the manner in which such apjihances are used and 
to the proper supervision, by the owner, of any operation in 
which such gases are evolved. 

The expression “prescribed” means proscribed by the Local 
G-overnment Board. 

The expression “Local Goveriimeiil Board” means (he 
Loed Government Board established by the Local (lovii-.i- 
ment Board Act, 1871. 


The expression “ central authority 
land the Local Government Board, 
Local Government Board for Ireland 
the Secretary for Scotland. 


iiiGiiiiH as regards 
as regards Indaiid tlio 
and as rc^^ardH Hcotland 
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The expression “sanitary authority" means any local au- 
thority entrusted with the execution of the Public Health Act. 

The expression “ the Public Health Act ” means, as regards 
England, the Public Health Act, 1876, or, in the case of London, 
the Public Health (London) Act, 1891 ; and, as regards Scot- 
land, the Pubbc Health (Scotland) Act, 1897 ; and, as regards 
Ireland, the Public Health (Ireland) Act, 1878, and includes any 
enactment amending those Acts. 

(2) Nothing in this Act shall be construed as exempting any 
work from any provisions of this Act applicable to the work as 
being a work of a certain class or description by reason only 
that the work is subject to other provisions of this Act as being 
a work of some other class or description. 

28. — In the application of this Act to Scotland ; — 

(a) Eeferences to the Secretary for Scotland shall be 
substituted for references to the Local Government 
Board, and references to the “ Edinburgh Gazette ” 
shall be substituted for references to the " London 


Gazette ” ; 

(b) the court of the sheriff or the sheriff substitute of the 
county in which the offence is committed shall be 
the county court, and may award costs to either 
party, and may sentence the offender to imprison- 
ment for any period not exceeding six months, 
unless the fine and costs be previously paid ; and 
any decision or sentence of such sheriff or sheriff- 
substitute shall be subject to review and appeal 
according to law. 

129 . Nothing in this Act shall legalize any act or default 

that would, but for this Act, be deemed to be a nuisance, or 
otherwise be contrary to law, or deprive any person of any 
romedy by action, indictment, or otherwise, to which he would 

have been entitled if this Act had not passed. 

80— The Acts specified in the Second Schedule to this Act 
are hereby repealed to the extent mentioned in the third column 
o[ the Schedule. 

Provided that ; — . c ,„i 

(a) Nothing m this Act shall affect any certificate, special 

rule or notice issued, made, or served before the 

commencement of this Act, in pursuance of any 
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enactment so repealed, but every such certificate, 
special rule, and notice shall continue m force as if 
issued, made, or served in pursuance of this Act ; and 
(&) Nothing in this Act shall affect the tenure of office of 
any inspector appointed under any enactment so 
repealed, but every such inspector shall hold office 
as if appointed under this Act ; and 
(c) Nothing in this Act shall affect any liability of a 
sanitary authority incurred under any enactment 
so repealed to pay any proportion of the salary or 
remuneration of an additional inspector. 

First Schedule. — List oe Works. 

Cl) Sulphuric acid works, that is to say, works in which the 
manufacture of sulphuric acid is carried on by the lead-chamber 
process, namely, the process by which sulphurous acid is con- 
verted into sulphuric acid by the agency of oxides of nitrogen 
and by the use of a lead-chamber. 

(2) Sulphuric acid (Class 11) works, that is to say, works in 
which the manufacture of sulphuric acid is carried on by any 
process other than the lead-chamber process, and works for the 
concentration or distillation of sulphuric acid. 

(3) Chemical manure works, that is to say, works in which 
the manufacture of chemical manure is earned on and works 
in which any mineral phosphate is subjected to treatment in- 
volving chemical change through the application or use of any 
acid. 

(4) Gas-liquor works, that is to say, works (not being sul- 
phate of ammonia works or muriate of ammonia works) in 
which sulphuretted hydrogen or any other noxious or offensive 
gas is evolved by the use of ammonical liquor in any manufac- 
turing process, and works in which any such liquor is desul- 
phurized by the application of heat in any process connected 
with the purification of gas. 

(5) Nitric acid works, that is to say, works in which the 
manufacture of nitric acid is earned on and works in which 
nitric acid is recovered from oxides of nitrogen 

(6) Sulphate of ammonia works and muriate of ammonia 
works, that is to say, works in which the manufacture of sulphate 
of ammonia or muriate of ammonia is carried oil 
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(7) Chlorine works, that is to say, works in which chlorine 
IS made or used in any manufacturing process. 

(8) Muriatic acid works, that is to say * — 

(a) Muriatic acid works, or works (not being alkali works 
as defined in this Act) where muriatic acid gas is 
evolved either during the preparation of liquid mu- 
riatic acid or for use m any manufacturing process ; 
{b) tin plate flux works, that is to say, works in which 
any residue or flux from tin plate works is calcined 
for the utihzation of such residue or flux, and in 
which muriatic acid gas is evolved ; and 
(c) salt works, that is to say, works (not being works in 
which salt is produced by refining rock salt, other- 
wise than by the dissolution of rock salt at the place 
of deposit), in which the extraction of salt from 
brine is earned on, and in which muriatic acid gas 


is evolved. 

(9) Hulphide works, that is to say, works in which sulphu- 
retted hydrogen is evolved by the decomposition of metallic 
sulphides, or in which sulphuretted hydrogen is used in the 

production of such sulphides, , • , v 

(10) Alkali waste works, that is to say, works in which 
alkali waste or the drainage therefrom is subjected to any 
chemical process for the recovery of sulphur or for the utili- 
7 ,atiQn of any constituent of such waste or drainap 

(11) Venetian-red works, that is to say, works for th 
maiiufacture of Venetian red, crocus, or pohshmg powder, by 
heating sulphate or some other salt of iron. 

(12) W deposit works, thet .s to sey, wo*, m wbreh^ 
solpLte of iced deposit from solphenc ecd chambers dried 

“ nsriiseme works, that is to say, works for the 
„i a?»iifa:la, or whom nitric acid or a mtote is need in the 

“‘'a 5 )°B°X^de°‘o”ihon works, that is to say, works for 

the inaiinfaotnre of works in which the 

(16) Sulphocyamde works, that is to say, w 
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manufacture of any sulphocyanide is carried on by the reaction 
of bisulphide of carbon upon ammonia or any of its compounds. 

(17) Picric acid works, that is to say, works in which nitric 
acid or a mtrate is used in the manufsicture of picric acid. 

(18) ParafSn oil works, that is to say, works in which crude 
shale oil is refined. 

(19) Bisulphite works, that is to say, works in which sul- 
phurous acid IS used in the manufacture of acid sulphites of the 
alkalis or alkaline earths. 

(20) Tar works, that is to say, works where gas itar or coal 
tar is distilled or is heated in any manufacturing process. 

(21) Zinc works, that is to say, works in which by the appli- 
cation of heat zinc is extracted from the ore, or from any 
residue containing that metal. 


Second Schedule. — Ebpeals. 


SscyElON AND Chaptbb 


Shout Title. 


Extent of Ekpeal 


44; & 46 Viot., 0 . 37. 

47 & 48 Viot , 0 . 
olvii. 


56 & 66 Viot., o. 30. 


The Alkali, etc., Works Be- 
gulafaion Act, 1881. 

The Local Government 
Board's Provisional Order 
Confirmation (SaltWorks) 
Aot, 1884. 

The Alkali, eto , Works Re- 
gulation Aot, 1892. 


The whole Act. 
The wliolo Act. 


The whole Act* 



APPENDIX IV. 

“ WELFAEE WOEK” OE “PEOSPEEITT SHOEING”. 

The authors believe that the documents reproduced in the 
following pages, and the particulars which are there given 
respecting what has been termed “welfare work” or “ pros- 
perity sharing ’ will be of interest to many manufacturers. 
They had originally intended to deal vnth this matter at greater 
length, as they are of opinion that the experience of those firms 
who have acted as the pioneers of the movement in this country 
has proved beyond all question that such machinery for secur- 
ing efficient and contented workpeople is almost if not quite as 
important as the ordinary plant and machinery of manufacture. 
If a second edition of the present work should be called for, 
they will endeavour to devote such attention to the subject as 
it clearly merits. 

The Co-Partnership Scheme at Port Sunlight. 

(By tJie co'it/i'tesy of Messrs, Lever Bros.^ Ltd,) 

One thousand and forty -one employees of Lever Brothers, 
Limited, including directors, managers, salesmen, travellers, 
advertising managers, clerks, workmen, labourers, and others 
(male and female alike, there being no sex barrier or distinction), 
who had qualified under the terms of the Lever Brothers Co- 
Partnership Scheme, were on July 23, 1909, admitted to co- 
partnership by the distribution among them of the first issue 
of Partnership Certificates of the nominal capital value of 
£113,650, 

This was the first distribution of partnership certificates 
under the scheme formulated by Mr. T.iever at the beginning of 
1909, and since approved and passed by the shareholders of 
the company. The scheme contemplates the annual distribu- 
tion of partnership certificates to all employes of the company 
18 (193) 
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who have reached the age of twenty-five years, and can show 
a clear record of at least five years’ faithful and loyal service. 
No cash IS paid, or financial liability incurred by the employ^, 
and the only obligation devolving on the partner-employes 
is that they sign a form of apphcation for the certificates, which 
embodies an undertaking not to waste time, labour, materials 
or money in the discharge of their duties, but loyally and faith- 
fully to further the interests of Lever Brothers, Limited, its 
associated companies, and their co-partners, to the best of their 
skill and abihty. This pledge of the apphcants is in accordance 
with the motto of the Partnership Trust, “ Waste not, want 
not”. 

In each future succeeding year a distribution of partnership 
certificates is intended to be made for amounts equal in pax 
value to approximately 10 per cent of the annual salary or 
wages of the employes, to whom they may be continued until 
the holder has accumulated the maximum amount obtainable 
in each class according to a scale set out in the Trust Deed. 
This maximum may equal a nominal amount of from two to 
four years’ total salary or wages of the employd. But the 
trustees have the discretion to vary the allotments according to 
the ments of the applicants, the decision of the trustees being 
subject to an appeal in the first place to a representative com- 
mittee, and, ultimately, to the holder of the ordinary shares, or 
in future the majority holders. 

As the scheme, however, has been made retrospective by 
the founder, a goodly number of certificates in the first distribu- 
tion were for amounts based on the previous one, two, three, 
four, five, six, seven, or eight years’ salary or wages of the 
employe. It has been decided by Mr. Lever to date the scheme 
back to the beginning of the present century, so that any 
present employ^ who was twenty-five years, of age in 1901 
and had been five years or over m service at that date, was 
eligible to receive certificates for eight years. 

Of the total number of certificates issued, 803 were retro- 
spective in respect of eight years or over, forty-two for seven 
years, eighty-one for six, 123 for five, 169 for four, 131 for three, 
mnety-nme for two, and 103 for one year. In subsequent 
distributions the partnership certificates will, as stated above, 
be for amounts representing approximately 10 per cent of the 
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employe’s salary or wages for the previous year ; and the Trust 
Deed provides that in no case shall partnership certificates for 
a nominal amount exceeding the total of £500,000 be at any one 
time issued and outstandmg, except with the consent in writino 
of the holder of the ordinary shares, or of the majority of the 
ordinary shares, m the company. 

The phrase “issued and outstanding” is explained by a 
provision of the Trust Deed securing that the partnership cer- 
tificates shall be cancelled whenever the holder ceases to be an 
employ^ of the company. If he leaves the service of the firm 
voluntarily from any other cause than age or permanent in- 
capacity caused by ill-health, his partnership certificate will be 
surrendered. It is also to be cancelled absolutely in case of 
misconduct, flagrant inefficiency, disloyalty, or breach of the 
partnership undertaking. On retirement through age or ill- 
health, or superannuation, the partnership certificates are to be 
exchangeable, on the terms provided under the trust, for 5 per 
cent preferential certificates. The widows of registered holders 
whose partnership certificates are cancelled by death will also 
receive preferential certificates on the same basis. 

In addition to the partnership certificates, preferential cer- 
tificates have been issued in favour of VTidows of employes, and 


in favour of the Divine Service Committee of Christ Church, 
Port Sunlight — the latter under a provision of the new partner- 
ship scheme which enables Mr. Lever, or the future majority 
holder of the ordinary shares, to require “the allotment of pre- 
ferential certificates to or for the benefit of any institution, the 
object of which shall be the advantage, betterment, or enjoyment 
of persons in the employ of the company, or of the companies 
associated therewith, includmg Christ Church of Port Sunlight 
the Day or Sunday Schools, clubs, parks, and the panting of 
scholarships in connection with the children of such persons . 
By this provision is emphasized the fact that the new partner- 
Sp sLeL is the development and continuation of the system 
iSXm at Port Soolight the “'fr; 

neritv sharing It has been unaccountably assumed by 
on the pertnerehip thet it w.U^« » 

to some of the other form, of pro.per,^-.hmn« .. qmte 
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endowment tinder the provision of the Trust Deed just men- 
tioned. The contributions of the firm to the Old Age Pension 
Pund, the Hobday Fund, the provision of trains and tramway 
cars for the girl-workers not living in the village, the main- 
tenance of baths, rest-rooms, cottage hospital, gymnasium, clubs, 
and other provision for the health and welfare of the staff, the 
payment of continuation school fees, etc., will continue as 
before. There will be no deduction of any kind from either 
wages or existing privUeges of the workpeople. “ The advantage 
of persons in the employ of the company” is the object of the 
new scheme as declared in the Trust Deed, but with the inten- 
tion, always insisted upon by the founder, of mcreasmg the 
success of the business, of creating the further prosperity in 
which the workers are to share, above aU of increasing the 
happiness m business of all the workers, and promoting industrial 
welfare and efficiency by the closer relationship of capital, 
management, and labour. 

The partnership and preferential certificates will rank for divi- 
dend at the next annual distribution of profits in the following 
manner. The dividends of the preference shareholders of the 
company having been paid, the holders of the ordinary shares 
will take 5 per cent on their capital. The preferential certifi- 
cates will rank for payment of a 5 per cent dividend. When 
this is paid the remaining profits will be shared -pro rata between 
the ordinary shares and the partnership certificates. 

It will be seen that this is not a profit-sharing scheme in the 
ordmary acceptance of that term, and it is hoped that by this 
plan of co-partnership the obstacles to success of so many profit- 
ahanng schemes will be overcome. According to Government 
labour statistics, which were published last year, out of 193 
profit-sharing schemes started in this country between 1865 
and 1896 only fifty-one were known to survive in 1907. By the 
provisions of the Lever Brothers’ Co-partnership Trust the em- 
ployes have a gradually accumulating interest, represented by 
partnership certificates, in the prosperity of the business under- 
aking, and m accordance therewith they will share with the 
shareholders in any fluctuation of prospenty, thus suffering loss 
of dividends, and the consequent depreciated value of their hold- 
ings, proportionately with the ordinary shareholders, but without 
bemg called upon to make any cash sacrifice out of their salary 
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or wages to make good losses, or to incur any financial liability 
which they would not be in a position to undertake. The 
scheme does not introduce any confusion between the functions 
of management and labour. The interest of the workers cannot 
be alienated, as their certificates cannot be bought or sold or 
mortgaged. Their dividends are absolutely their own, free from 
all control of the management. They may be used to acquire 
further interest in the company by mvestment in the preference 
shares, or put to any other use at the absolute discretion of the 
holders. The benefits conferred by the certificates cannot be 
varied except by consent of a three-fourths majority of the 
holders. Although it is of the essence of the scheme that the 
partnership certificates themselves shall cease with employment 
and shall not be transferable or heritable, their exchangeabihty 
for preferential certificates to the holder in case of retirement, 
or to the widow m case of death, insures a substantial addition to 
old-age pension, and to provision for widowhood. As regards 
the children, the partnership certificate holder is naturally in a 
better position to provide for them, and besides the educational 
and social advantages enjoyed by the children living at Port 
Sunlight, this business ” (Mr. Lever has said to the employes) 
“ is open for your children to enter. They can come into the 
business if they wish to be associated with it, and provided there 
is a vacancy for them, and earn their own partnership certifi- 
cates in the same way as their fathers have done before them. 

Bournville Works Suggestion Scheme.— Men^s Depart- 
ments. 

{Partt<yiUar8 of th%s acliemo are gwen here hy the courtesy of Messrs, Cadbury 

Bros.t Ltd.) 

The suggestion scheme has been introduced at Bournville 
with the object of encouraging our employ4B to make sugges- 
tions concerning the welfare either of the business or themselves. 
From the very commencement of the scheme we have been 
desirous that all at Bournville should take an active interest 
in everything around them. Suggestions are invited on any 
question connected with the efficient working of the business, 
and the following will indicate on what lines they may be 
made : — 
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(1) Improvement in goods : — 

(a) New goods. 

(b) Improved quality. 

(c) Improved appearance, either of goods or their wrap- 

pmga 

(2) Improvement in method of manufacture ; — 

(a) Cheaper methods of manufacture, including the saving 
of material or a reduction of the labour cost. 

(i) Hygiene. Improvements which affect cleanliness in 
the methods of production, or in the health, comfort, 
or safety of those engaged m manufacturing processes. 

(3) Suggestions appertaining to advertisements or methods 
likely to increase sales. 

(4) Suggestions affecting our social well-being— athletic and 
other clubs, societies, libraries, magazine, etc. 

(5) Any suggestions of whatever character, so long as they 
bear some relation to, or are connected with, the works at 
Boumville. Awards ranging in value from 6s. upwards are 
made twice yearly, at midsummer and Christmas, for sugges- 
tions meriting reward. 

Suggestion boxes are fixed m convenient places in nearly all 
the departments, also in dining-room, lodge, youths’ club, and 
pavilion, upon which will be found suggestion books. All com- 
munications should be made by means of these books, the sug- 
gestion written on, or attached to, the form and dropped into 
the boi In case of drawings, eta, send them to the works 
foreman’s office. It is imperative that all particulars at the 
head of form, which bears a distinctive number, should be care- 
fully filled in. Forms may be taken from the book and filled in 
at home. These are acknowledged by a weekly notice posted 
on the boards, giving a list of the numbers of suggestions re- 
ceived for consideration. Should any number not appear on 

this list a communication should at once be sent to the works 
foreman. 

Those who have left the employ of the firm are entitled to 
pnzes for any suggestions made whilst they were here, unless 
they should leave through misconduct. 

When a suggestion is received it is sent to the member of 
the committee under whose scope it may come for a report, and 
lu no case is the name of the suggester divulged, except in 
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special cases by the consent of the committee, 
may interview a member of the committee to 
his ideas by stating his desire to do so on the suggestion 

Suggestions are considered by the Works Committee, which 
is composed of a director, with representatives of the ofSices and 
works, and two representatives appomted by the foreman. 

In awarding prizes every effort is made by the committee to 
give each suggestion Ml consideration, and no prize is awarded 
unless the suggestion has been actually carried out and found 
practicable The final judging hsts are placed before the fi.rm 
for approval. 

A complete record of all the suggestions made by each em- 
ploy 6, whether accepted or declined, is kept, together with 
prizes awarded. 

Suggesters should not lose sight of the fact that the greatest 
good which they accomplish by making these suggestions is not 
alone their pecuniary value to the firm, or the monetary prize 
awarded. The real achievement is the development of mental 
and creative power which makes them more valuable and useful 
workmen. 

All suggestions, ideas, etc,, are regarded as confidential and 
are the property of the firm. 

Any information required regarding suggestions can be ob- 
tained from the works foreman's office. 




Education. 


Messrs. Joseph Orosfield & Sons, of Warrington, have done 
much m the way of securing model conditions of labour for 
their workpeople. The following particulars are of interest : 

It is a condition of employment that all young persons em- 
ployed by the firm must have passed the Sixth Standard at a 
day school. Also, that all young persons shall attend evening 
school (at the firm’s expense when specified conditions are com- 


^^^^PrLes ^are offered for conduct, progress, and attendance at 
the evening schools, particulars of which are as follows . 

Scheme for Bemission of Fees md Payment of Ca^h Prizes. 
Conditions.-All fees of the Branch Technical Schools for 
the session must be paid on or before 30th November next. 
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The fees at the Commercial Institute of either 3s. or 7s. 6d. for 
the session according to the course taken, and the fee at the 
Central Technical Institute of Ts. 6d. have always been payable 
in advance, and will continue to be so. 

The student must make at least 86 per cent, of possible 
attendances, and must sit for the examination at the end of 
the session. 

Students will attend the schools under which their names 
appear, and will not be allowed to go to any other wnthout 
special permission from the Works General Office. This does 
not apply to those students who have qualified for admission to 
the Central Technical Institute, 

Subject to the above rules, fees will be refunded and the 
following cash prizes will be given: — 

Fees — For 85 per cent attendances, fee only ; between 90 
per cent and 94 per cent, inclusive fee, plus la. ; between 95 
per cent and 99 per cent, inclusive fee, plus Is. 6d ; for 100 per 
cent attendances, fee, plus 28. fid. 

Frize for Progress : Branch Technical Schools. — If remarks are 
very satisfactory, 3s. fid. ; if remarks are satisfactory, 3s. 
Central Technical InstilMte.--li remarks are very satisfactory, 8s. ; 
if remarks are satisfactory, 7s. fid. 

Prizes fm- Conduct. — If remarks are satisfactory : Central 
Technical Institute, 6s.; Branch Technical Schools, 3s. 

Beass Band. 

The firm supports a Brass Band consisting of twenty- six 
workmen. Each member is provided with uniform and instru- 
ment free, and the firm also pays for a professional instructor. 
Two or three practices are held. per week. During the season 
prizes were won to the value of £350 13s., including eleven 
first prizes, which was the greatest number won by any one 
band. In addition to numerous contests, the band attends 
social functions when required. 


Swimming. 

All boys and girls in the offices or the works, during the 
sixteenth year of their age, are taught to swim. Two squads of 
boys go each week during working hours to the Corporation 
Jiaths in charge of an instructor from the works. The girls go 
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-each week in one aquad, and are tanght by an inatmctress from 
th.e bathe. The time lost, and the cost of the baths and in- 
struction, are borne by the firm. The courses last from June 
to September, and consist of about thirteen lessons. 

Dining Arrangements. 

Dining accommodation is provided for all employes, male 
n,nd female. 

The men’s dining hall measures 111 feet by 52 feet. The 
kitchen, which was opened in 1907, is fitted with modem 
cooking apparatus. Meals are pooked for the workpeople, and 
served at 4d. per head. 


Education of Junior BiiPLOKfis at Cadbury Brothers, 
Limited, Boubnvillb Works. 

Classes of various kinds have been held at the works for 
upwards of eight years. In the summer of 1906 the whole 
of the educational work was centralized, and the Bouxnville 
Works Education Committee was formed to assist the firm in 
their endeavours to forward the welfare of the employes in 
this direction. The work of this committee is to arrange for 
compulsory attendance at evening classes by all employ6B 
under 16 years of age, and to encourage attendance by the older 
■ones ; also to negotiate with local educational bodies as to proper 
facilities at the various schools in the district, the education of 
the juniors at the evening continuation schools being on broad 
general lines leading up to more specialized instruction at the 
'Technical Schools. The number of employes attending com- 
pulsorily (all under 16 years of age) is as follows 

430 
642 
688 


1908-7 

1907- 8 

1908- 9 


The number attending voluntarily (between 16 and 19 years of 
age) 


iyo(5-7 

1907- 8 

1908- 9 


166 

306 

264 


All these classes are held at the local schools, and are under 
.the jurisdiction of the local education authority. 
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The compulsory students attend during the winter montha- 
only, on two evenings a week, for two hours per evening. 

Fees up to 7s. 6d. are returned by the firm to all students 
up to 19 years of age, with reference to whom, the head master’s 
report tb attendance, progress, and conduct is satisfactory. 

Employes up to 16 years of age are also required to attend 
twice a week at the physical training classes, held at the works 
durmg work hours, gymnastics once and swimming once. 

The jumors who attend classes compulsorily participate in a 
general reward scheme, the rewards (first, 12s. 6d. ; second, lOs. ; 
third, 7s. 6d.) being based on reports from : (1) Works Depart- 
ment, (2) Evening Continuation School, (3) Works Physical 
Training Classes. 

In order to provide classes during the day and evemng in 
gymnastics and swimmmg, a body of managers was formed, 
who regulate the work of the instructors and act generally 
under the Board of Education. This body receives grants 
from the Board of Education and a subscription from the 
company. 

These classes are termed the Bournville Works Classes, and,, 
as the name indicates, are all held at the works. They are as 
follows : — 

(1) Junior Boys* and G-irls’ Gymnastic and Swimming 
Classes, held in the dajrtime. 

(2) Men’s and Girls* Evening Gymnastic and Swimming 
Classes. 

(3) Men’s and Girls’ Ambulance Classes. 

(4) Girls' Gardenmg Class 

(5) Men’s and Boys’ Boot Eepairing Classes. 

The total number of individual students attending these 
classes during session 1906-7 was 1049. Some attended two or 
three classes. 

No deduction is made from the wages of the juniors who 
attend the day classes (No. 1). The firm are of the opinion that 
the renewed energy resultant upon the attendance at these 
classes fully repays them for the time lost by the boys, who are 
paid by the day, the same principle being recognized in con- 
nection with the attendance at the day classes by the junior 
girls, the majority of whom are pieceworkers. 
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Extension op the BoueeviIiLE Works Edtjoational 

Scheme. 

{Extract front “ The Bournmlla Works Magazwief' May, 1909 ) 

The firm, with the cordial and nnanimons approval of the 
heads of the vanons departments, with whom a special con- 
ference was held on this question in the autumn of last year, 
have now decided that all boys shall attend evening classes up 
to the age of 18. For the girls, it is recognized that the ma- 
jority leave the works after a few years to look after homes 
of their own. It has been decided that the girls also shall 
attend up to the age of 18, and that their training shall in- 
clude a thorough instruction in housewifery. Such subjects as 
English literature and physical training will, it is hoped, also 
occupy prominent places. 

"While boys who are engaged for the factory side of the 
works at the age of 14 will be admitted on the condition that 
they have worked in the higher standards and have good re- 
ports from the elementary school head master, boys of the same 
age who are engaged for the ofiBces will be required to have 
worked in the ex-seventh standard, and will also have to pass 
an examination set at the works. Those from secondary schools 
who do not leave until they are 16 years of age may be en- 
gaged for the offices, or for the trades in the factory, on con- 
dition that they pass the necessary tests. These boys will be at 
liberty to commence attendance at the more advanced classes 
immediately. 

The system proposed is roughly as follows : All boys who 
enter the works at the age of 14 will be required to do un- 
skilled work until they reach the age of 16, and, whilst doing 
so, will be required to attend evening continuation school and 
physical training classes as at present. At the end of that 
time the most suitable boys will be transferred to skilled work 
to which they are specially suited, and, if found satisfactory at 
the end of a probationary period, will be asked to enter into an 
agreement. The transfer wiU depend upon the boy’s health, 
his expressed wish to learn a particular trade, his parent s con- 
sent, and satisfactory reports from his foreman and the evening 
school head master. 
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This system of choosing apprentices has been decided upon 
after much deliberation. It, is felt that a boy at 14 years 
of age hardly knows what trade he would hke to learn. He 
knows so httle about the industrial world that, if apprenticed at 
that age to any trade, he may m a year or two think that he 
would have been much wiser to have started in some other line. 
It IB generally agreed that promotion should depend not on 
favour, but on ment, and ment alone, and the firm will be able 
to choose, after two years* personal experience, boys who 
through hard work and constant application to education, are 
best fitted for the various trades. 

The boys transferred will be expected to attend such classes 
as are approved by the Works Education Committee until the 
end of their apprenticeship, which will as a rule extend up to 
the age of 21. They will be paid at a lower rate of wages 
than those not learmng a trade, but the deduction will be 
returned in some cases in the form of tools, and in others in 
such form as may hereafter be determined 

The apprenticeship system is practically dead. With the 
development of the factory system, and with the growth of 
industrial specialization, the all-round training given to the 
old apprentices is less necessary — both from the point of view 
of the employer and the worker. But while the economy of 
specialization has been in view, the wider economy that is m a 
broad training has been overlooked. It is the value of this 
which the new apprenticeship scheme has recognized. The 
purpose is to teach the workers all that is possible, so that in 
every department all will have the opportunity of becoming 
specially equipped in the class of work in which they are en- 
gaged, while those in the trade sections will receive an unusually 
wide training, owing to the great variety of work undertaken at 
Bournville. 


The most suitable workers, whether apprenticed or not, will 
be given the opportunity of attending day classes, and, m special 
cases, a university or working men’s college for a course of sub- 
jects. For both boys and girls up to sixteen years of age the 
education given at the evening continuation schools is on broad 
lines, but after that age the boys ap^ntfced will specialize, 


lines, but after that age the boys W^ntfced will specialize, 
but not narrowly. The remaindee^*^n^gtijgi^^^^1h^^^ general 
lines. I ^ ^ ^ 
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Aooidbnt Committee at Port Sun- 
light, 35. 

Acid elevators, Kestner, 119. 

,y elevators^ Sobuetze’s, 124=. 

A^oultural Ifiid, proximity of chemi- 
cal works tOy 6. 

Air compressors^ 104-8. 

Alkali, etc , Works Regulation Act, 
8, 168. 

Aluminium^ 13 

Ambulauce arrangements^ 34. 

„ brigade, 36. 

„ sta&ons, Sby 36 

Anthracene and naphthalene, special 
centrifugal for mixing and drying, 
162 

Ammonia stiUs, 14. 

,, „ cast iron, 13. 

Artiucial manure — 

Dens, 116 
Mixers, 116. 

Plant, notes on, 116. 

Sack -holders, for packing, 118. 
Stores for raw material, 117. 

Asbestos, 16. 

Boileb feed pumps, 40 
„ feed water heater, 40. 

„ house, 39 
„ house roof, 40. 

„ setting, 40. 

Boumeville Works Educational 
Scheme, Extension of, 196 

Boumeville Works Suggestion 
Scheme, 189. 

Box-making department, 21 

Brass Band, Messrs. Joseph Grosfield 
& Sons’, 192 

Brunner, Mond & Oo., works sur- 
geries, 36. 

Buildings, arrangement of, 18. 

Cadbury Brothel's, Education of 
Jumor Employes, 193 

CaruUa on cast iron, 13 

Cast iron, analysis of residue, 14 

,, in construction of chemical 
plant, 12 


Centrifugal, special, for mixing and 
drying anthracene and naphthalene, 
162. 

Centrifugals, steaming appctratus for, 
160 

„ water-driven, 154. 
Chemical engineer, on the, 163. 

,, le^, old, 12. 

Chimney stack, 39. 

Coal store, 38. 

Oo-partnerahip Scheme, the, at Port 
Sunlight, 186. 

Copper, 12. 

Cottages for workpeople, 2. 

Cranes, 20. 

Orosheld, J. & Sons, education of 
workpeople, 191. 

Crosfield, J. & Sons, works fire bri- 
gade, 34 

Crystallization in motion plant, 168, 
160. 

Dialysis apparatus, 139. 

Dehne’s filter-press, 126, 128, 
Dramage, 3 

,, system, 22 

Drain-pipes, making joints of, 23. 
Drying plant, 163. 

EooKomsBE, 39. 

„ Green’s, 84. 

Education, 191. 

„ scheme, 'BournviUe works, 
extension of the, 196. 
Education of Junior Employes at 
Boumeville Works, 193 
EfBuenta, liming of, 9. 

Electrical fittings, 64. 

Electric current, cheap, 7. 
Engine-house, 41. 

Evaporators, Kestner 's “ chnihmg- 
filui,” 161. 

Evaporators, vacuum, 162, 168 
Explosives, denitration apparatus, 
103. 

Explosives — 

‘^Dippmg” house, 98. 
Dipping-house roof, 98. 
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Explosives — coniinited 
Gun-cotton, 98. 

„ oentnfugal8 for, 100. 
Nitrating and drying, machine 
for, 101, 102. 

Separation of waste acid, ap- 
paratus for, 101. 

Mixing acids, 97. 

Nitrated ootton, treatment of, 99. 
Nitro-glyoerme, manufacture of, 
100 . 

Plant, air compressors for, 104 
Plant, notes (.n, 97. 

Yitriol for, 97. 

Extensions, provision for, 2. 

Pan engme, "Sentmel Junior,” 49. 
Filter- cloth washing machme, De- 
hne’s, 136. 

„ fixing, 129. 

Filter-plates, Sch\iler’s porous, 139. 
Filter-press design, 136. 

„ „ the, 126 

,, thorough extraction, 132. 

„ „ uses of, 126. 

„ presses, wooden, 127. 

Filters, check, 137. 

,, pressure, for acid liquors, 140. 
Fire brigade, works, Crosfield & Sons, 
34 

Fire engine, the ‘^Greenwich,’* 26. 
Fire hose cupboards, 32. 

Fire protection, complete system of, 
29 

,, pump, combined, 28 
„ station, 24. 

Flues, 43. 

„ arrangement of, 4. 

Foundations, 1, 23. 

Fused Silica ware, 143. 

Gat-Lubsao Tower, the, 78. 

Gas, cheap, for power and lighting, 7. 
Gaseous effluente from works, 9. 
Geographical position of chemical 
works, 6. 

Glover Tower, the, 76 
Gun-cotton, 98. 

HoBroGBNEOtJBLT lined lead pipes, 160. 
Hydrochloric acid, Kestner’s eleva- 
tion for, 119. 

Hydrochloric acid plant, 67 — 

„ salt cake furnace, 86. 

,1 small-scale, 91. 

„ pipes for gases, 88. 

, ) plant, salt cake pot set- 

tmg, 87. 


Hydrochloric tower packing, 89. 

„ „ woodwork of, 90. 

„ towers, 89. 

„ ,, flushing arrange- 

ment for, 90. 

Inobby automatic weighing and re- 
cordmg machine, 66. 

Kesxkteb’b acid elevators, 119-23. 

,, climbing film evaporator, 
151. 

„ elevator for hydrochloric 

acid, 119. 

,, , , for mtric acid, 121. 

Lead, U. 

Lead, chemical old, 12. 

Lead-lined pipes, 160. 

I Lever Brothers, works surgeries, 
36. 

Manohbbtbb Ship Oanal, 7. 

Manure, artiflcial, notes on plant for 
manufacture of, 116. 

Materials used m construction. 11. 
Midland railway fire and boiler feed 
pump, 28 

Motor transport for goods, 7. 

NimATE house, 96. 

,, store for, 93. 

Nitric acid, Kestner’s elevator, 121. 
Nitric acid plant, 93 — 

Run-off troughs for, 92. 

Small, by Boulton & Oo., 96. 
Yalentmer, 92. 

Yalentiner process, pumps for, 94 
Yitreosil’’ still-heads for, 148. 
Nitric acid still, 93. 

„ „ worms, 93. 

I Obmobb, the, 138. 

Pabboks’ steam turbmes, 62-64 
Phosphor bronze, 12. 

Port Sunhght, 6. 

99 9t co-partnership scheme 
at, 186. 

Power generation, 8. 

Power house, 18, 38. 

Prevailing wmds, 6. 

Prosperity sharing,” 186 

Rivbe Conservancy Boards, 9 
Roads in works, 18. 
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Salt-oakb furnace, 86. 

„ pot aebtingj 87. 

Saw-mill^ 22. 

„ and box -making depart- 

ment, 165. 

Silica ware, fused, 145. 

Site, choice of, 1. 

Steam engines “ Sentmel compound 
double-acting, 60. 

‘^Sentinel Junior,” 

46-45. 

„ Sentinel” triple ex- 

pansion, 61. 

Steaming apparatus for Centrifugals, 

160. 

Steam pipes, jointing, 43. 

„ raising, 43. 

„ superheated, 43. 

„ turbine, 62. 

„ „ bearings, etc., 60. 

„ „ blades m, 64. 

„ „ coupling of, 68. 

„ „ economy of space 

use of, 66. 

,, „ exhaust, 63. 

„ „ governors, 61. 

„ ,, installation, 69. 

„ „ Parsons’, 62. 

„ „ vacuum augmentor, 62, 

64. 

„ „ valves, 42. 

Stokers, automatic, 43. 

Stores, general, 19. 

Srraestion scheme. 

Works, 189. 

Sulphate of ammonia — 

Ihrainer, 113. 

Plant, 109. 

Saturators, 111. 

Plate-lead, 111. 

StiU, 109. 

Store, 113. 

Sulphuric acid, concentration of, in 
^^itreoBil” vessels, 146. 

Sulphuno aoid plant, 70 — 

Acid distributing arrangement for 
towers, 76. 

Acid tanks on Glover tower, 76, 

Chamber platform, 70. 

Chambers, columns for support- 
mg, 70, 71 

Chamber connections, 72. 

„ platform, 73. 

„ straps, 72. 

Circular chambers, 86. 

Coolers for, 146. 

Denitration and absorbjt^^^rEp,| 

^ bl BR A R V 


Bourneville 


position of, 74 


Fans, use of, for oontroUing 
draught, 84. 

Gas tnmk, 72. 

Gay-Lussac tower, 78. 

Glover tower, 76. 

„ ,» bp of fused Siboa, 

77, 146. 

„ „ volvio lava, 84. 

Introduction of hquid nitric acid, 
83. 

Mechanical burners, 82. 

Koodng of, 71. 

Tower ” chambers, 83. 

„ houses, 77. 

„ packing, 76. 

Workmg floor, 71. 

Titreosil ” coolers for, 149. 
Swimming at, Messrs. Joseph Oros- 
field <fe Sons Works, 192. 


Tidbs, height of, 3. 
liamway system, 21 

“UeaJiITE,” 16 

Vaoxjum drying plant, 163. 

evaporators, 162, 168. 
Yalves, steam, 42. 

“ Yitreosil,” 143. 

„ basins, 146. 

„ beakers, 147. 

„ calottes, 146. 

„ coolers for sulphuric aoid, 

149. 

„ Glover tower lips and 

gutters, 145. 

„ nitreing arrangement, 

146. 

„ pipes, 143, 

„ pipes for condenser, 148. 

„ still heads, 148. 

„ trays. 149. 

„ vessels for sulphuric acid 

concentration, 146. 
Vitriol manufacture, notes on, 79. 

„ plant design and working, re- 
cent developments m, 81. 

Walls, retaining, 24, 

Water supply, 4. 

Water transport for goods, 6. 
Weighing and recording maohme, the 
Ingrey, 66. 

Weighing machines, 20. 

“ Welfare work,” 185 
•^ipking, 4. 

21 . 

«•* 
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KESTNER 

SPECIALTIES 


FOR 


CHEMICAL WORKS. 



UlatBr TuIie Boilers. 
Filni Evaporators. 
jlGid Elevators. 
Corrosive Cas Fans. 


KE'iTNFR DOUBLE EFFECT EVAPORATOR 


BRIDGE HOUSE. 

181 QUEEN VICTORIA STREET. 
LONDON. E.C. 
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Telegrams and Cables — 
“Cinerary, London”. 


Telephone— 
London Wall, 3151. 


EMIL PASSBURG. 

VACUUM ORYIHG AND EVAPORATING 
APPARATA AND SYSTEMS. 

• • • 

OVER 2000 PLANTS IN USE. 

600 TO CHEMICAL & COLOUR WORKS. 

SHORT DRYING TIME. 

LOWEST STEAM CONSUMPTION. 

• • • 

VACUUM DRYING CHAMBERS. 
ROTARY AND DRUM DRYERS. 

Dryiiiff Time 10 30 Seconds, 

• • • 

VACUUM PANS OF LATEST DESIGN. 

Guaranteed to prevent Incrustation of 
HEATING SURFACES. 

• • • 

STEAM ENGINES. AIR PUMPS. 

COMPRESSORS. RAW OIL MOTORS. 

ICE AND REFRIGERATING PLANTS. 

COMPLETE PLANTS FOR CHEMICAL WORKS. 

Full Particulars from - - 

JAMES LIVIHGSTON, UimeeH, 

DRYING EXPERT, 

30 GREAT SAINT HELENS, LONDON, E.C. 

Representative for the United Kingdom and Colonies. 
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A RE-ISSUE OF 


THE CHEMICAL ESSAYS 

. . OF . . 

GHARLES-WILLIAM SCHEELE. 

Translated from the 

Transactions of the Academy of Sciences at Stockholm. 
WITH ADDITIONS 


First Published in English in 1786. The present Edition (1901) consists 
of 300 Pages. Demy 8vo. 

Price 5S. net (Post Free, 5s. 6d. Home; 5s. pd. Abroad). 

INDUSTRIAL ALCOHOL 

A Practical Manual on the Production and Use of 
Alcohol for Industrial Purposes and for Use as a 
Heating Agent, as an HLuminant, and as a Source 
of Motive Power 

—BY- 

JOHN GEODES MMNTOSH. 

Demy 8vo. 250 Pages. With 75 Illustrations in the Text, many 
full page, Including Several Plans, and 25 Tables. 

Price 7s. 6d. net (Post Free, 7s. lOd. Home; 8s. 3d. Abroad). 

SEND FOR CATALOGUES, GIVING FULL CONTENTS, TO 

Scott, Greenwood & Son, 

8 BROADWAY, LUDGATE, LONDON, E.C. 
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Complete Chemical Plants. 
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DOULTON’S - - 

- - STONEWARE 

CHEMICAL APPARATUS, ETC. 



Full Particulars and Prices of - - - 

SionBwars Vessels, Pumps, Cooks, etom, 

to be obtained of - - - 

DOULTON & CO., LTD., LAMBETH, LONDON, S.E. 

AMMONIA 

AND ITS COMPOUNDS: 

THElk MANUFACTURE AND USES. 

Translated from the French of CAMILLE VINCENT. 
Royal 8vo. 114 pp- 32 Illustrations 

Price 5s. net (Post Free, 5s. 4d. Home ; 5s. 6d. Abroad). 

Send for Contents of above to - - - 

SCOTT, GREENWOOD & SON, 

8 Broadway, Ludgate, London, E.C. 
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(Paints, Colours, Pigments and Printing Inks.) 

THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lend ), F.I C , F.C S., and J. H. Coste, F.I.C , F.C.S Demy 
8vo Five Illustrations 285 pp Price 10s. 6d. net. (Post free, 
10s. lOd- home, 11s. 3d. abroad.) 

Contents. 

Introductory. Light — White Light— The Spectrum — The Invisible Spectrum— Normal 
Spectrum — Simple Nature of Pure Spectral Colour — ^The Recomposition of White Light — 
Primary and Complementary Colours — Coloured Bodies — Absorption Spectra — The Appll* 
cation of Plvmeiits. Uses of Pigments Artistic, Decorative, Protective — Methods of 
Application orPigments Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour F^nting, Keromic Art, Enamel, Stained and Painted Glass, 
Mosaic — Inorganic Pigments. White Lead — Zinc White— Enamel White — Whitening— 
Red Lead — Litharge — Vermilion — Royal Scarlet — ^The Chromium Greens — Chromates of Lead, 
Zinc, Silver and Mercury — Brunswick Green — ^The Ochres — Indian Red — Venetian Red — 
Siennas and Umbers— Light Red— Cappnch Brown — Red Oxides — Mars Colours— Terre Vertc 
— Prussian Brown — Cobalt Colours — Coeruleum — Smalt— Copper Pigments — Malachite— 
Bremen Green — Scheele^s Green — Emerald Green — Verdigns — Brunswick Green — Non- 
nrsenical Greens — Copper Blue*? — Ultramarine— Carbon Pigments — Ivory Black — Lamp Black 
— Bistre — Naples Yellow — Arsenic Su^hides Orpiraent, Realgar — Cadmium Yellow— 
Vandyck Brown — Organic Pigments. Prussian Blue— Natural Lakes— Cochineal—Carmme 
— Crimson — Lac Dye — Scarlet— Madder— Alizarin — Carapeaohy — Quercitron — Rhamnus— 
Brazil W^ood— Alkanet— Santal Wood — Archil— Coal-tar Lakes— Red Lakes— Alizaran Com- 
pounds— Orange and Yellow Lakes— Green and Blue Lakes— Indigo— Dragon’s Blood- 
Gamboge — Sepia — Indian Yellow, Puree— Bitumen, Asphaltum, Mummy — Index. 

‘THE MANUFACTURE OF PAINT. A Practical Handbook 
for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc Second Edition, Revised and Enlarged Demy 8vo. 
288 pp. 80 Illustrations. Price 10s. 6d. net. (Post free, lOs. lOd. home , 
lls. 3cL abroad ) Published 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 
8vo. 380 pp. Price 7s. 6d net (Post free, 8s. home ; 8s 6d abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS PROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I C , PCS. Sixteen Colourad Plates, showingr Speoimens of 
Elfifhty-nine Colours, speolally prepared from the Recipes griven 
In the Book. 136 pp. Demy 8vo Price 7s 6d net. (Post free, 
78. lOd. home; 8s. abroad.) 

THE MANUFACTURE OP MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters’ Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr, Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B Sc. (Lond.). Forty-three Illustrations 476 pp , demy 
8vo. Price 12s 6d. net (Post free, 13s home; 13s 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chbmist. Second Revised Edition. 330 pp. Demy 
8vo. Price lOs. 6d. net (Post free, lls. home, lls. 3d. abroad.) 



PAINTS, COLOURS, WIC.— continued. 


OIL COLOURS AND PRINTERS* INKS. By Louis 
Edgar And^s. Translated from the German. 216 pp. Crown 8vo. 
66 Illustrations. Price Ss, net, (Post free, 6a. 4d. home ; Ss. 6d. abroad.) 

MODERN PRINTING INKS. A Practical Handbook for 
Printing Ink Manufacturers and Printers. By Alfred Seymour. 
Demy ovo. Six Illustrations. 60 pagcS. Price 5s. net. (Post free, 
5a, 4d. home ; 5s. 6d. abroad.) 


Contents- 

IntrodUCtlon.^Diviaion of Lnboiir— A Sepamte Industry— Chofoa of Materials— Skilful 
Manipulation— Some Important Factors— The Medium— Ink and Colour Mixmi^A Justifloa* 
tion. Linseed Oli»— Extraction of the Oil — ClaBslRcation — Mechanical Purifloatlon — 
Adulteration -'Boiled Oil— Preparation of Boiled Oil— An Alternative Process. Varnish. — 
A Vehicle and Buential Component — A Reference to Lithography — Baltic Oil — Preparation 
of Vamleh— The Modern Method— An Old A^ument— Letterpresa Varnish— A Cheaper 
Medium— A Suggestive Recipe—Fire Risks— Oradations of Varnish. Dry Colours. — 
Recommendation— An Endless Variety of Materials— Barth Colours— Mineral Colours— 
Substrates— Tunind Barth Colours— Physloal Characteristics— Colouring Power— Brilliance- 
Purity of Tone— Permanence. Dry Colours— Blacks, Whites, Yellows— Lampblack- 
Process of Manufacture— Calcination— Carbon Black— Acetylene Black— A Simple Test— Lead 
and Zinc Whites— White Hnrth Colours— Yellows— Yellow Ochres— Mineral Yellows. Dry 
Colours— Reds. Browns. —Classification of Keda — Genuine Vermilions — Preparation — 
Imitation Vermilions— Umber, Raw and Burnt— Sienna, Raw and Burnt. Blues, Greens. — 
Ultramarine Blue- A Uaeful Tint— Other Similar Blues— Cobalt Blues — Prussian— Chinese 
and Bronxe Blues— A Test for Purity— Greens— Compound Greens— Mineral Greens. Lakes. 
— Characteristius— Luke Derivntives— A Point or Importance — Red Lakes — Madder- 
Cochineal and Carmine— Brazil Wood— Alizarine a Coaltar Derivative — Yellow Lakes — Blue 
Lakes— Green Lakes The Grinding of Printing Inks.— Ink-grinding Machinery— Ink- 
grinding Mill — A Novel Machine HanU Grinding— Treatment of Gritty Colours— A j^uestion 
of Proportion— Approxlmute Calculation— Soap —Saturation — Friction Heat — ConslaLent 
Grinding. Ink and Colour Mixing.— A Necessary Acquisition— Ink Mixing Defined— Mixed 
Green fnlw— Mixed Brown Inks— Tints— Ink Mixing— Lithographic Inks— Characteristics of 
Yellows— Mixing Vermilion Ultramarine and Other Blues— Bronro, Prussian and Chinese 
Blues— Working ConsiHtoncy— Reducing Medium— Letterpress Inks— OI ohb Inks— Three- 
colour Inks— Ink-mixing Machine. The Characteristics of Some Printing Processes.— 
ASupplementury Discussion— Letterpress Inks— Three-colour Printing— Lithographic Printing 
Inks— An Important Feature— Suggestive Points- Tinplate Printing. Driers. — A Valuable 
Auxiliary— Energetic Drying Inks— The Theory of Drying— Liquid Driers— Terebene— Paste 
Driers— [.etterpresB Driers— Powder Driers— Turpentine as a Drier Bronze Powders and 
Bronzing.— A Brief Justiilcution— Bron/e Printing Inks— Bronze Powders— The Process of 
Manufacture— Preparation of the Loaf— Grinding and Grading— Bronzing Mediums— Requisite 
OualiticM — Wax Varnish. “Things Worth Knowing.’*— A Record of Notes .mil 
Expenencas— Index. 

(S« also Wniing J«Aj, p. lo.) 


THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By A. 
Df.sai NT, Artistic Interior Decorator of Paris. The book contains 100 
folii) Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing are fully given at the beginning 
of the book. Each Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters’ Guild impressed on the cover in gold and silver. Price 
2ls. net. (Post free, 21s fid. home; 228, fid abroad.) 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations 150 pp. Crown 8vo. 
Price fis. fid net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OF DECORATIVE ART. By W. Norman 

Hrown. Thirty-nine Illustrations. 96 pp Crown 8vo. Price Is. net. 
(Post free. Is. fid home and abroad ) 
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PAINTS, COLOURS, ETC. — continued, 

WORKSHOP WRINKLIEjS for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d home, 2s. lOd. abroad ) 

CASEIN. By Robert Scherer, Translated from the German 
by Chas. Salter. Demy 8vo Illustrated. Second Revised English 
Edition. 160 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home, 
8s. abroad) 

SIMPLE METHODS FOR TESTING PAINTERS’ 

MATERIALS. By A. C. Wright, M A. (Oxon.), B.Sc. 
(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

IRON - CORROSION, ANTI -FOULING AND ANTI- 
’CORROSIVE PAINTS, Translated from the German of 
Louis Edoar And^s Sixty-two Illustrations 275 pp Demy 8vo. 
Price 10s. 6d. net. (Post free, lOs, lOd. home; 11s Sd abroad.) 

THE TESTING AND VALUATION OP RAW 

MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE. By M. W. Jones, P.C.S. A Book 
for the Laboratories of Colour Works. 88 pp. Crown 8vo. Price 
Ss. net, (Post free, 5s 3d home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OP WHITE LEAD AND ZINC WHITE PAINTS. By 

G. Petit, Civil Engineer, etc. Translated from the French. Crown 8vo. 
100 pp. Price 4s net. (Post free, 43. 3d, home ; 4s. 4d abroad.) 

STUDENTS’ HANDBOOK OF FAINTS, COLOURS, OILS 
AND VARNISHES. By John Purnell. Crown 8vo. 12 
Illustrations. 96 pp. Price 2s 6d. net. (Post free, 28. 9d home and 
abroad). 

PREPARATION AND USES OP WHITE ZINC PAINTS 

Translated from the French of P Fleury Crown 8vo 280 pages. 
32 Tables. Price 6s. net. (Post free, 6s. 4d. heme , 6s 6d, abroad.) 

Contents. 

First Part. Chapters I , General Remarks.— 'Technical Pnuciples II., Painting on 
Woodwork.— Ordinary Outside Work— Inside Work III , Better Class Painting on 
Woodwork. IV , Painting on Plaster, on Mortar, and on Soft and Porous CeilTnes. 
V. Hints on Painting with White Zinc. VI., Testing Commercial Zinc Whites. 
VII., The Experiments of the Dutch Commission Ufflcially Entrusted to make Com- 
parative Trials between White Lead and White Zinc, vlll . Results and Criticisms 
of the Experiments of the Dutch Commission. Final Report of October 5, 1909. 

Second Part. Chapters IX, Manufacture and Different Treatments of White 
Zinc— Its Modifications and Improvements. X., The Legislative History of White 
Zinc Paint. XI., Legislation. XII , Methods of Qualitative Analysis.— Examination of 
Paints Fixed and Essential Oils Waxes Formula for Encaustic and Waterproof Paints. 
Analysis of Paints White Paints Analysis of White Lead Analysis of White Zinc Blacks. 
Red Piffments, Carmipe and Lakes Yellow Colours, Green Pigments Blue Pigments. 
Brown Colours. Analysis of Binders or Liquids. Testing Preservation and Improvement of 
Varnishes by Ageing Analysis of Yellow and White Wax. Selected Furniture Polish Recipe. 
Normal Polish for Floors, Parquets, and Woodwork Virgin Wax Polish for Flattening of 
Paints or Polishing of Varnishes Formula for a Waterproof Composition for Plaster and 
Stone and Damp Walts Special and More Economical Formula for Waterproofing Plaster, 
Copious Index. 
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(Varnishes and Drying Oils.) 

THE MANUFACTURE OP VARNISHES AND 
KINDRED INDUSTRIES. By J. Geddes McIntosh. 
Second, greatly enlarged, English Edition, in three Volumes, based on 
and including the work of Ach, Livache 

VoLUMi: 1.— OIL CRUSHING, REPINING AND BOIL- 
ING, THE MANUFACTURE OP LINOLEUM, 
PRINTING AND LITHOGRAPHIC INKS, AND 
INDIA-RUBBER SUBSTITUTES. Demy 8vo 150 

pp. 29 Illustrations. Price7s.fid.net. (Post free, 7s. lod. home; 
fis. abroad.) 

Vol.UMB 11. — VARNISH MATERIALS AND OIL- 
VARNISH MAKING. Demy 8vo. 70 Illustrations. 
220 pp, Price I Os. fid. net. (Post free, I Os 1 (Id. home , 1 Is. fid ubroad.) 

VoLUMK III. -^SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. Demy 8vo. Illustrated 
4H4 pp. Price I2s. Hd. net. (Post free, l^s. home; IHs. (iM. ahioad ) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. And^s. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra- 
tions. 342 pp. DemySvo. Price 12s. (id net. (Pnst free, 13s home, 
13s. 3d. ubroad.) 


(Oils, Fats, Waxes, Greases, Petroleum.) 

LUBRICATING OILS, PATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufecturers, Eeflncrs and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, F.C.S. Third Revised 
and Enlarged Edition. Seventy-four Illustrations. 384 pp. Demy 
8vo Price IDs. (id. not. (Post free, 11s. home; 11s. 3d ubroad ) 
MINERAL WAXES : Their Preparation and Uses. By 
Rudolf Gregorius. Translated from the German. Crown 8vo. 21*50 
pp. 32 Illustrations. Price (is. net. (Post free, (is. 4d. home , (is. Hd. 
abroad.) Contents- 

Ozokorito-Ceroslne— Paraffin— Reflnintr Paraffin— Mineral Wax— Appliances lor 
fixtractinir, PistlUinff and Rellnlnff Ozokerite— Uses of Cer^ne, Paraffin and 
Mineral Waxes— Paint and Varnish Removers— Leather and Piston-Rod Greases— 
Recipes for Silk, Cotton and Linen Urosslnffs— Candles. 

THE PRACTICAL COMPOUNDING OP OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 
By An Expbkt On- Repinbr. Second Edition. 100 pp. Deray 8vo. 
Price 78. fid. net. (Post free, 78. lOd. home , fia. iibroud.) 

Introductory Remarks on the Oencrul Nomenclature of Oils, Tdlow and Greases 
suitable for Lubrication — Hydrocarbon Oils— Animal and Fi^ Oils— Compound 
Ollfl-Veiretable OIla-Lamp Oils-Enfiflne Tall^, Solid lied Oils and 
Jelly- Machinery Greases: Loco and Antl-frictlon-Clarifyln^B: and Utilisation 
of Waste Fats, Oils, Tank Bottoms, Drainings of Bwrels and Drums, Pickings 
Up, Dregs, etc.— The Fixing and Cleaning of Oil Tanks, etc.— Appendix and 
General Inmnnation. 


THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 73. Gd 
net. (Post free, 7s lOd. home, 8s. abroad) 
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THE OIL MERCHANTS’ MANUAL AND OIL TRADE 
READY RECEONER. Compiled by Frank F. Sherriff. 
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904 
With Two Sheets of Tables Price 7s 6d. net. (Post free, 7s. lOd. 
home ; 8s. 3d abroad ) 

ANIMAL PATS AND OILS: Their Practical Production, 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. Translated from the German 
of Louis Edgar AndiSs. Sixty-two Illustrations. 240 pp Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. fid net. 
(Post free, 10s lOd. home; 11s 3d. abroad ) 

VEGETABLE PATS AND OILS: Their Practical Prepara- 
tion, Purification and Employment for Various Purposes. Their Proper- 
ties, Adulteration and Examination Translated &om the German of 
Louis Edgar And^s. Ninety- four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price lOs. fid. net. (Post free, 11s. home; 
11 s. fid abroad.} 

EDIBLE PATS AND OILS : Their Composition, Manufacture 
and Analysis. By W. H. Simmons, B.Sc. (Lond.), and C. A. Mitchell, 
B.A (Oxon.) Demy 8vo. ISO pp. Price 78. fid net. (Post free, 
7 b 9d. home, 8s. abroad.) 

Contents. 

Introduction,— Physiological Consideratlons—Conatitution oF Fata and Oils— Trygly- 
ceride —Glyceride —Butyrin — Isovnlenn — Caprom — Caprylm — Caprin — Launn — Mynstm — 
Palmitin — Stearin— Olein— Ricinolem— Stearic Acid Series— Oleio Acid Senes— Linolic Acid 
Series— Linolenic Acid Senea— Riclnolenia Add Series Raw Materials used In the Manu- 
facture of Edible Pats and Oils. — ^Tallow — Mutton— Beef— Lard— Lard Oil— Coooanut Oil 
— Maize Oil — Cotton-aeed Oil — Cotton-seed Stearme— Olive Oil — Arachia Oil (Barthnut or 
Pea-nut Oil}— Sesame Oil— Palm Nut Oil (Palm Kernel Oil)— Sunflower Seed Oil— Cacao 
Butter or Oil of Theobroma— Palm Oil— Soya Bean Oil— Shea Butter — Mowrah-seed Oil — 
Margoaa Oil Bleaching:, Deodorising:, and Refinlngr Pats and Oils.— Physical Methods 
— Washing, Freezing, Filtration, Treatment, Steaming— Removal of Steannea — Methods of 
PiItration-^hemicaT Methods — Caustic Soda — Sodium Carbonate— Alkaline Earths — Fre- 
senius — Bleaching of Oils— Charcoal— Fullers' Barth— Ozone— Hydroaulphites — Sodium Bi- 
sulphite— Sodium Hydroaulphite Formaldehyde— Organic Peroxides— Deodonsatlon of Fats — 
Treatment of Rancid Fats. Butter.— Butter Fat— Water— Salt— Curd— Keeping Properties 
of Butter — Ranadity of Butter — Renovated Butter— Preservatives In Butter— Physical Char- 
acteristics— Solubility— Refractorative Examination— Chemical Chametenatios— Hehner & 
Reichert Values — Influence of the Food of the Cows— Cocoenut Oil m Butter— Artifloial 
Colouring Matters Lard,— Lard Oil— Rendering of Lard— (Commercial Grades (1) Neutral 
Lard , (2) Leaf Lard , (8) Choice Steam Lard or Choice Lard , (4) Prime Steam Lord , (5) Guta 
— Lard Crystals— Influence of Food — Acidity of Lard — Water— Polenake — The Iodine value — 
— Lord Oil Margarine and Other Butter Substitutes.— Margarine, Oleomargarine or 
Artifloial Butter — Invention and Development — Modem Processes and Formulee— Vegetable 
Butter — Modem Process —Vegetable Butter — Palm Oil Salad Oils. — Oils used for Culinary 
and Confectionery Purposes— Chocolate Fats— Olive Oils— Sesame Oil — Cotton>seed Oil— 
Sunflov’er Oil— Poppy Oil — Maize Oil -Chocolate Fata— (Cocoanut and Palm Kernel Oil Stear- 
inea— Other Vegetable Fats AnalyslBOf Raw Materials and Finished Products.— Raw 
Matenala — Speoiflo Gravity- Free Fatty Acids— Saponifleabon Value— Saponiflcabon Equiv- 
alent — iodine Absorption — WiJ's Method — Bromine Absorption —Titer or SolldiMng of the 
Fatty Acids— Refractive Index— Unsaponlflablc Matter— Valenta's Acetic Acid Teat— Mau- 
mene'a Test— Bromine Thermal Value — Baudouin's Test — ^Tocher’s Test — Olive Oil — Cotton- 
seed Oil — Halphen's Teat — ^Aracfais Oil — Butter — Water — Examination of the Fat — Refractive 
Power- Soluble and Insoluble Fatty Acids — Insoluble Patty Adds— Casein— Curd — Colouring 
Matters — Boron Compounds — Fluorides— Matgarine, V^etable Butter or other Butter Sub- 
sti t u tes — Lard — Cheese — Water — ^Aah — Fat — Ni trojgen — Chocolate — U nsweetened C bocolate 
—Sweetened Chocolate — Granulated or Ground Chocolate— Chocolate Covered Goods — Milk 
Chocolate Fat — PaJm-nut Stearine — Dika or Gaboon Fat — Borneo Tallow or Tankawang Fat 
— Illipd Fat— Fibre— Total Nitrogen— Sugar Statistics of the Trade In Edible Oils.— 
United Kingdom Trade — Exports — Italian Trade In Olive Oil — Spanish Oil Trade — Vegetable 
Oil Trade of France— Cotton-seed Oil in the United States 

(Glycerine.) 

GLYCERINE. By T. W. Koppe Translated from the Second 
German Edition Crown 8vo. 260 pp 7 Illustrations Price 7s. fid 
net (Post free, 7s. lOd home , 8s abroad ) Published 
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(Essential Oils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PEBPUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C S. Second Edition, Revised and Enlarged. 552 pp. 
20 Illustrations. DemySvo. Price 12s 6d net. (Post free, 13s. home , 
13s 6d abroad.) 


(Soap Manufacture and Glycerine.) 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By Gborob H Hurst, F.C S. 390 pp. 
66 Illustrations Demy 8vo Second Edition. Price 12s. 6d. net 
(Post free, 13s, home , 13s. 6d abroad ) 

TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used m Textile 
Manufacturing, Dyeing and Printing By George H Hurst, F.C.S. 
Second Edition. Revised and Partly Re-wntten by W H. Simmons, 
B Sc. (Lond). DemySvo. 200pp. 11 Illustrations. Price 7s. 6d net 

(Post free, 7s. lOd. home; 8s. abroad ) 

THE HANDBOOK OP SOAP MANUFACTURE. By 

Wm. H. Simmons, B Sc. (Lond.), F.C S. and H A. Appleton. Demy 
Svo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free, 8s lOd. 
home, 9s abroad.) 

Contents. 


Definition of Soap.— Properties— Hydrolysis— Detergent Action Con^tutlon of Oils 
-and Fats, and their Saponification.— Researches of Chevreul and Berthclot— Mixed 
Glycerides— Modem Theories of Saponification— Hydrolysis accel^ted (J) 
Electricity. (2) Ferments, Castor-seed Ferment. Steapsm Emulsin and (3j Chemical 
Reaffents, Sulphuric Acid, Twitchell's Reagent, Hydrochloric Acid, Lime, Zmc 

OxidI, Soda and Potash Raw Materials used in Soap-making.— Fats and Oils-VVaste 
Pats— Fatty Acids— Less-known Oils and Fats of Limited Use— Vario^New Fats and Oils 
Suggested for Soap-making— Rosln-Alkali (Caustic and Carbonated^Water-Salt Soap- 
Bleaching and TFeatment of Raw Materials Intended for Soap-making.- 
Palm Oil-Cottonwed Oil— Cottonseed “ Foots ’'—Vegetable Od^Animal Fat^Bone Fat- 
Rosin Soap- making. — Classification of Soaps— Direct combination of Acids with 

Cold Process Soaps — Saponification under Increased or Diminished Pressure-— Soft 

Softp-RUrinc Soan-Hy derated Soaps, Smooth and Marbled-Pasting or Saponiflcation- 
Graining Out— Bolil^ on Strength— Fitting— Curd Soaps— Curd Mottled— Blue and Grey 
Mottled Soaps— Milling Base— Yellow Household S^oaps— Resting of Pans and Settling of 
Soap — Utilisation of Nigres— Transparent Soaps— Saponifying NVineral Oil— Electncal Pro- 

durt?oa of Soap. Treatoient of Settled 

nnd Perfuming — Disinfectant Soaps— Framing Slabbing 



MiACAllaneous Soaofl.— Toilet Soaps— Cold Process s>oapB— oeraea ooneu 

Soaoa— Milled Soaps — Drying, Milling and Incorporating Colour, Perfumes, or Medicaments 

Perfumes— Colouring Matter — Neutralising and Super-fatting Maten^— ^omprcMing 

■Cutting— Textile Soaps— Soaps for Woollen, Cotton ^d Silk 

Soaoa-StoTpmg-M^icated Soaps— Ether Soap-FIoating Soaps-Shaving Soaps— 
Miscellaneous Soaps Soap Periumes. — Essential Oils — Source and Prep^ation Proj^rtiM 
-Said ^nd SySheSri? erfu^ Glycerine Mannfartiire and 

MS: 

aSSISIx B-SSpaiion ot DHfM-ent Thermometric Scale.. 

thrspeciflc Oravltles of Solution. olCanrtlc Soda. Appendix D -Table of Strength 
of Caustic Potash Solutions at 6o° F. Index. j 

MANUAL OP TOILET SOAPMAKING, including Medi- 
cated Soaps, Stain-removing Soaps, Metal Polishing Soaps, Soap 
Powders Md Detergents translated from tlie German of Dr C 
Deite Demy 4to. *150 pages 79 Illusti-ations Price 12s. 6d. net. 
(Post free, 13s home, 13s 6d. abroad ) 
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(Cosmetical Preparations.) 

COSMETICS : MANUFACTURE, EMPLOYMENT 

AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 
from the German of Dr Theodor Koller Crown 8vo. 262 pp. 
Price Ss. net. (Post free, Ss. 4d home , Ss. 6d. abroad ) 

(Qlue, Bone Products and Manures.) 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 
(Lond ). Second Edition, Revised and Enlarged. Demy 8vo 196 pp. 
14 Illustrations. Price 10s. 6d. net. (Post free, 10s. lOd home, 11s. 
abroad,) 

BONE PEODUCTS AND MANUKES : An Account of the 

moat recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures, By Thomas Lambert Second 
Revised Edition. Demy 8vo 172 pp. 17 Illustrations. Price 7s. 6d. 
net. (Post free, 7s. lOd. home, 8s. abroad.) 

(Set? also Chemical Manures^ p. lo ) 

(Chemicals, Waste Products, etc.) 
REISSUE OF CHEMICAL ESSAYS OP C W. 
SCHEELE. First Published m English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions 300 
pp. Demy 8vo. Price Ss net. (Post free, 5s. 6d. home , Ss 9d. abroad.) 
Contents. 

Memoir C W Soheele and his work (written for this edition by J G McIntosh)— On 
Fluor Mineral and its Acid — On Fluor Mineral — Chemical Investigation of Fluor Acid, 
with a View to the Barth which it Yields, by Mr. Wiegler— Additional Information 
Concerning Fluor Minerals— On Manganese, Magnesium, or Magnesia Vitrariorum- On 
Arsenic and its Acid— Remarks upon Salts of Betiisoin— On Silex, Clay and Alum— Analysis 
of the Calculus Vesical — Method of Preparing Mercunus Oulcts Via Humida — Cheaper and 
more Convenient Method of Preparing PuIvIb Algarothi— Experiments upon Molybdaena 
— Experiments on Plumbago— Method of Preparing a New Green ^lour— Of the De- 
composition of Neutral Salta by UnsJaked Lime and Iron — On the Quantity of Pure Air which 
is Daily Present in our Atmosphere— On Milk and its Acid — On the Acid of Saccharum Lactia 
— On the Constituent Parts or Lapis Ponderosua or Tungsten — Experiments and Observations 
on Ether— Index, 

THE MANUFACTURE OP ALUM AND THE SUL- 
PHATES AND OTHER SALTS OP ALUMINA AND 
IRON Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Aits, Manufac- 
tures, Sanitaiy Engineering, Agriculture and Horticulture Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp 
Royal 8vo. Price 12s. 6d. net. (Post free, 138. home, 13s. 6d. abroad ) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 

and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Pans. Translated from the French by M. J. 
Salter Royal 8vo 114 pp. Thirty-two Illustrations Price 5s net. 
(Post free, 5s 4d. home , Ss 6d abroad.) 

CHEMICAL WORKS : Their Design, Erection, and Equip- 
ment By S S. Dyson and S. S. Clarkson. Royal 8vo 220 pp 
With 9 Folding Plates and 80 Illustrations Price 21s net (Post 
free, 21s. 6d. home , 22s. abroad.) 
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MANUAL OP CHEMICAL ANALYSIS, as applied to the 

Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral Products, 
By E. PROST, D Sc. Translated by J Cruickshank Smith, B.Sc 
Royal 8vo. 300 pages. 44 Illustrations. Price 12s. 6d. net. (Post 
free, 13s home, 13s. 6d abroad.) 

TESTING OF CHEMICAL EEAGENTS FOR PURITY. 

Translated from the German of Dr. C. Krauch. Royal 8vo 350 pages. 
Price 128. 6d. net (Post free, 13s. home , 13s. 6d. abroad.) 

SHALE OILS AND TARS and their Products. By Dr. W. 

SCHEITHAUER. Translated from the German, Demy 8vo 190 pp 
70 Illustrations and 4 Diagrams. Price 8s 6d. net. (Post free, 8s. lOd. 
home ; 98. abroad.) 

Contents. 

Chapters I , History of the Shale and Lljfolte-tar Industry. II , The Bituminous 
Raw Materials. — Occurrence — Ongin — Properties and Composition — Working — Utilization. 
III., The Production of Distillation Tar. — The Dry*distiIlation Process — ^The WioDiag of 
Lignite Tar — ^The Messel Tar Industry — The Recovery of Shale Taj* in Scotland IV, The 
Distillation Products. — The Tar — ^The Tar Water (Ammonia Liquor)— Oas — ^The Distillation 
Residues V., The Distillation of the Tar and Tar Oils.— The Distillation Process— Tar 
Distilling In the Saxon-Thunngian Industry — The Messel Distillation Process — ^The Distilla- 
tion Process in the Scottish Industry ‘ VI , I. Chemical Treatment of the Tar and Its 
Distillates. — The Reflning Process — The Reflning Process in the Saxon-Thurineian Industry 
— Reflning Process m the Messel Industry — Reflning Process in the Scottish Industry. 
11. The Utilization of the Refinery Waste.— Uses and Treatment. VII , The Manu- 
facture of Paraffin. — ^The Manufacture of Paraffin In the Saxon-Thuringian Industry — 
Manufacture of Paraffin m the Messel Industry — Paraffin Manufacture in the Scottish 
Industry. VIII^ Products Furnished by Shale Oil and Llfipaite-Tor. IX., Candle- 
making. — The Raw Matenals — ^The Candle Material — The Wick — The Colouring Matters. 
The Manufacture— The Moulding Process — Finishing Packing the Candles — ^Working up 
Candle Waste. X.. Chemical Composition of the Tars and their DistUIales. — Lignite 
Tar— Shale Tar. XI , The Laboratory Work.— Testing the Raw Matenals — ^Testing the 
Tars and other Distillajaon Products — ^Testing the Tar Oils — Testing the Reagents used for 
Reflning the Oils and Paraffin — ^Testing the Paraffin — Tests Applied in Candle Works— Test- 
ing the By-Produots of Tar Distillation XII., Statistics. Index 

THE BY-PRODUOTS OF COAL-GAS MANUFACTURE. 

By K. R. Lange. Translated from the German. Crown 8vo. 164 pages. 
18 Illustrations Price 6s net. (Post free, 5s. 4d. home ; 5s 6d abroad.) 

\yust published, 

INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an Illuminant and as a Source of Motive Power. 
By J G. McIntosh. Demy 8vo 1907. 250 pp With 76 lUustra- 
tions and 25 Tables. Price 7s. 6d net. (Post free, 7s. lOd. home; 
8s. 3d, abroad ) 

THE UTILISATION OF WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Roller Translated from the 
Second Revised German Edition. Second English Revised Edition. 
Demy 8vo. 336 pages. 22 Illustrations. Price 7s 6d. net. (Post free, 
8s. home , 8s. 6d abroad ) [yiwf published. 

ANALYSIS OF RESINS AND BALSAMS. Translated 

from the German of Dr. Karl Dieterich. Demy 8vo 340 pages. 
Price 7s. 6d. net. (Post free, 7s. lOd. home, 8s. 3d. abroad) 

DISTILLATION OP RESINS, RESINATE LAKES AND 
PIGMENTS, CARBON PIGMENTS AND PIGMENTS 
FOR TYPEWRITING MACHINES, MANIPOLDERS, 
ETC. By Victor Schweizer. Demy 8vo. 185 pages. 
68 Illustrations. Price 7s 6d. net, (Post free, 8s. home ; 8s. 3d. abroad.) 

DISINFECTION AND DISINFECTANTS. By M. Chris- 
tian. Translated from the German Crown 8vo 112 pages. 18 Illus- 
trations. Price 5s. net (Post free, 5s 3d. home; 5s, 6d. abroad ) 
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(Agricultural Chemistry and Manures.) 

MANUAL OP AGRICULTURAL CHEMISTRY. By 

Herbert Ingle, F.I.C.,F.C.S ,Late Lecturer on Agricultural Chemistry, 
the Leeds University; Lecturer in the Victoria University. Third 
and Revised Edition 400 pp 16 Illustrations Demy 8vo. Price 
7s, 6d. net. (Post free, 8s home , 8s. 6d. abroad.) 

Contents. 

The Atmosphere — The SoU — The Reactions occurring in Soils — ^The Analysis and Com- 
position of Soils— Manuring and General Alanures — Special Manures— Application of Manures 
— ^The Analysis and Valuation of Manures— The Chemical Consfcitueots of Plants— The Plant 
— Crops— Tne Animal — Foods and Feeding — Milk and Milk Products — The Analysis of Milk 
and Milk Products — Miscellaneous Products used in Agriculture — Appendix — Index 
(For InsecttcideSf Fungtctdcs and Weed Killers^ see p. 28 ) 

CHEMICAL MANURES. By J. Fritsch, Translated from 
the French, with numerous Notes. Demy 8vo 350 pp. 69 Illustra- 
tions and 108 Tables. Price 10s. 6d. net. (Post free, 11s. home, 
11s. 6d. abroad.) 

Contents. 

History — Origin and Distribution of Phosphoric Acid in Nature — Properties of Phos- 
phorus — Principal Phosphate Deposits — Drying and Enrichment of Phosphates— Historical 
Review of Superphosphate A1 an ufactu re— Theory of Manufacture of Soluble Phosphates — 
Manufacture of Superphosphate— Crushing, Sifting, Drying, and Storing of Superphosphate 
— Retrogradation — Compound Manures — The Manufacture of Phosphoric Acicf, Double 
Superphosphates, and Various Products— The Manufacture of Phosphorus in the Electric 
Furnace — Manufacture of Bone Dust and of Bone Superphosphate (Vitnolized Bones) — 
Manufacture of Basic Slag— Nitrogenous Alanures— Manufacture of Manure from Animal 
Waste— Recovery of Nitrogen from Distillery By-Products— Manufacture of Cyanamide and 
of Nitrate of Lime — Nitrogenlzed Phosphatic Manures — Potassic Manures — Transference 
and Handling of Raw Alaterials and Finished Products. 

(See also Bone Products and Manures, p. 8 ) 

(Writing Inks and Sealing Waxes.) 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundiy Inks. By Sigmund Lehner 
Translated from the German of the Fifth Edition. ‘Second Revised and 
Enlarged English Edition, Crown 8vo. 180 pages 3 Illustrations. 
Price 5s. net. (Post free, 5s 3d. home, 5s 6d. abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 

8vo. 96 pages. Price 5s net (Post free, 5s. 3d home , Ss. 4d. abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambkrt, 

Technical and Consulting Chemist Demy 8vo. 226 pp. Forty Illus- 
trations Price 7s. 6d net. (Post free, 7s. lOd. home ; 8s 3d abroad.) 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas Fairie, F.G S. Crown 8vo. 64 pages. Price Is. net. (Post 
free^ Is. 3d. home, Is. 4d abroad.) 

(White Lead and Zinc White Patnis, see f 4 ) 



11 


(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OP VARI- 
OUS OOOUPATIONS AND THEIR PREVENTION. 

Hy Lionakd A. Parky, M.D., B.Sc, (Lond ). 196 pp. Demy 8vo. 

I’rice 7s. (id. net. (Post free, 7 s. lOd. home, 8s. abroad.) 


(Industrial Uses of Air, Steam and Water.) 

DRYING BY MEANS OF AIR AND STEAM. Bxplana- 

tionrt, Formiihe, and Tables for Use In Practice. Translated from the 
German of B. Haushrand. Second Revised English Edition. Crown 
Hvo. H(1 pp. Two folding Diagrams and Thirteen Tables. Price 6s. net. 
{l*ost free, Ss. :*d. home; 5 s. 6d. iibioad.) 


Contents. 


Tlir AKlricund Hnlish S^Httins Coniparud^Comparienn between Fnhronlieit and Centi- 
grade Tlirnniimetei'M. Chaptera 1. Intniduuthm and LiRtR of Symbols — II Caloulationa of 
tin MaMiniiin Weight nl Siitiir.ited AqiiuoiiK Vupour which cun he contained in 1 kilo of Air 
Ai dilTorfnt PieHHures and Tempera tu res -111. CuLulation of the nuccHaary Weight and 
Volnniu iiF Vir, uiul oF the le.int Khpemlituru of Heat, For Drying Apparatus with Heated Air, at 
AimiKiphi rii PriHsurr (lONSith the .issumption that the Air Is completely aaturntod 
wiih \ liiith hcfcire entry .iiul at its esit from the Apparatus— (/i) When the Atmos- 

phi ru \ti* iH completely Maturated heforu entry, hut at its exit is only ^ or ^ saturated 
uiih nioihltire -(i) When the Alinosphenc An ih not satumted with Water Vapour before 
tntenitglhi Drying Anpuratim IV. Drying Apparatus in which, in the Di*ying Chamber, a 
Pn^h'oiie. higher or lower than that of the Atmosphere, is Artificially Maintained — V 
Drying hj me insot SupcrheatLil Steam vMthout Air — Vl. Heating Surface, Velocity of the 
Air Cm rent, Dimenhions of the Drying Kuom, Surface of the Drying Mulcnal, Losses of 
Hiai IndiH 


List Of Tables. 

I I'reHsiireh and w eighth <it I cubic metre of HUtanited water vapour and of dry nir — 
'Uii uiiglil of waltriii 1 lolo. of an at the abHoliite (haromotne) picssures of 250, .'5IK), 740, 
7iiij, THii.uui 1,140 mm , ami ul tt.mperutiires from- 20^^ to I IIHP C., when the air is completely 
stinritid uith \apour. II. Weight and volume of air, outlet temperature of nir and 
i vpnidKiirt ot he It reipnied to e\nporitc 100 kilos of water when the external tempera- 
ann IS 20 lot do C , the maximum temperature is H(P to 130*^ C , the barometric pressure 
IS 7iiii tnm I lie i xtera il air and the uir at its exit are both completely aatimitcd with water 
\ ipniir 111. l*ri smres and weights of 1 cuIml metic of*;, i and \ saturated winter vapour and 
Ilf till iiuiinpanying dry air— '1 he weights of j, j and ^saturated vapour contained in 1 
kill! Ilf air. with the hanimetei it 7(M) mm , and at temperatures from - 20° to + 100° C. 
IV , V and VI Wi-ight and volume of an, temperature of exit and expenditure of h^t 
n iinin d to LV.ipor ile I0t> kilos of w'uter when the extcinal temper iture is - 20° to -i 20° C , 
tliJ miMinum lemneealure is :i.S'M»0°, 70°, 100° and 130° C, the external air is completely 
» (inrati d and tin emerge nt air m only i and J saturated w ith water vnjiour— Also cvpcndi- 
ini r of heat w lien the external an is { saturated. VII Temperatures ut winch the ulr would 
Ih completely salurutcd with w-atcr if it is only i or ^ saturated by the same quantity of 
w III r at LiTtnin higher tumiiemturcs. VIII , IX and X. Tho weight and volume of air, tem- 
pi rat lire Ilf I'Kit and expenditure of bent rei|uired to evnpor.itc 100 kilos, of water w'hen the 
eMi Mial icmpepwtiirc is - 20°, 0" and H 30° C , the niiiximum temperature is 3.*;° 50°, 70°, 100° 
and MO" C. ind both extem.il and omeigtnt air arc complctuly saturated with water 
vapour VIIl The absolute prcHsure IS 1,140 mm (U utmos ) 50 IX The ab-wlute pres^^ 
IS 4(Hl mm jl' utmos ) 51 X. The absolute pressure is 260 mm (!> atmos.) 62. XI 
wiiuhiiof Hteim and their volumes, before and after heating required to evaporate lOT 
kilos of water in the eirciiit drying upparntus, without air, at absolute pressupes of 148 
to 2,tilHI mm., and with maximum temperature of GS° to 2()0° C. XII The quantities of 
heat uiv*.n up by 1 Hiiuare mcti-u of the source of heat In 1 hour when the external air ts 
tl Sj to I 30 ■ C , the HOuri.e of heat is at 100° to 140° C , the heated air is at 35° to I J0° 
C . and the air Liirrent passes over the heating suiPaie with a velocity of 1 to 0 metres per 
HLLonil XIII Losses of heat, in calorics, hy diying apparatus in one htiur from 1 square 
metre of masonry, wooden wall or simple window at temperature differences between 
interior and exterior of 5° to 100° C 

also " Evafomtwfr, Condensing and Cooling Apparatus,'^ p. 25.) 


PURE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries By W. B. Cowell. Twelve Illustrations Crown 
8vo. 85 pp. Price 5s net. {Post free, 5 s. 3 d. home; 5 s. 6d. abroad.) 
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THE INDUSTRIAL USES OP WATER. COMPOSL 
TION — EPFE GTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIFICATION— ANALYSIS. 

By H. DE LA Coux Royal 8 vo. Translated from the French and 
Revised by Arthur Morris 364 pp 135 Illustrations. Price 10s. 6 d. 
net. (Post free, 11s. home , 11s 6 d abroad) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use— Composition of Waters — 
Solubility of Certain Salts in Water Considered From the Industrial Point of View — BfPeots on 
the Boiling of Water — Effects of Water in the Industries — DlfSculbes with Water — Feed 
Water for Boilers — Water in Dycworks, Print Works, and Bleach Works — ^Water in the 
Textile Industries and in Conditioning— Water in Soap Works — ^Water in Laundries and 
Washhouses — Water in Tanning — Water in Preparing Tannin and Dyewood Extracts — Water 
in Papermaking — Water in Photography— Water m Sugar Refining — Water in Making Ices 
and Beverages — Water in Cider Making — Water tn Brewing — ^Waterin Distilling— Preliminary 
Treatment and Apparatus — Substances Used for Preliminary Chemical Pun^oation — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
— Apparatus for the Preliminary Chemical Purification of Water^Industrlal Filters — Indus- 
trial Sterilisation of Water— Residuary Waters and their Purification — Soil Filtration — 
Purification by Chemical Processes — Analyses — Index. 

Boolis on Smoke Prevention^ Engineering and Metallurgy ^ p 24 , etc ) 

(X Rays.) 

PRACTICAL X RAY WORK. By Frank T. Addyhan, 

B.Sc. (Lend ), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George’s Hospital, Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8 vo Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6 d. net (Post free, 
10s lOd home, 11s. 3d. abroad.) 

Contents. 

Historical— Work leading ^ to the Discovery of the X Rays — The Discovery — A|mara- 
tus and Its Manag^ement—Blectncal Terms— Sources of Electnoity — Induction Coils— 
Electrostatic Machines — Tubes — Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens — Practical X Ray work — Installations — Radioscopy — Radiography — 
X Rays in Dentistry — X Raya in Chemistry — X Rays in War— Index. 

List of Plates. 

FrorUxspxece — Congenital Dislocation of Hip-Joint. — I , Needle in Finger. — IL, Needle in 
Foot — III., Revolver Bullet in Calf and L^. — JV , A Method of Localisation. — V., Stellate 
Fracture of Patella showing shadow of “Strapping’* — VI., Sarcoma— VII., Six-w eeka-old 
Injury to Elbow showing new Growth of Bone. — VlII , Old Fracture of Tibia and Fibula 
badly set — IX , Heart Shadow. — X., Fractured Femur showing Gram of Splint. — XI . Bar- 
ren’s Method of Localisation. 

(India-Rubber and Gutta Percha.) 

INDIA-RUBBER AND GUTTA PERCHA. Second 

English Edition, Revised and Enlarged. Baaed on the French work of 
T. Seeligmann, G. Lamy Torrilhon and H. Falconnet, by John 
Geddes McIntosh. Royal 8 vo. 100 Illustrations. 400 pages. Price 
12s. 6 d. net. (Post free, 13s. home , 13s. 6 d. abroad.) 

Contents. 

India-Rubber. — Indtarubber, Latex — Definitions— Latlciferous Vessels— Botanical Origin 
— Habitats — Methods of obtaining the Latex — Methods of Preparing Raw or Crude India- 
rubber — Rubber Cultivation in Various Countries — Climatology — Sou — Rational Culture and 
Acclimatisation of the Different Species of Indiarubber Plants — Classification of the Com- 
mercial Species of Raw Rubber — Physical and Chemical Properties of the Latex and of 
Indiarubber — General Considerations — Mechanical Transformation of Natural Rubber into 
Washed or Normal Rubber (Purifleabon)— Softening, Cutting, Washing, Drying, Storage — 
Mechanical Transformation of Normal Rubber into Masticated Rubber — Vulcanisation of 
Normal Rubber — Chemical and Physical Properties of Vulcanised Rubber — Hardened Rubber 
or Ebonite— Considerations on Mineralisation and Other Mixtures— Coloration and Dyeing — 
Analysis of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — 
Imitation Rubber — ^Analysis of Indiarubber 

Qntta Percha. — Definition of Gutta Percha — Botanical Origin — Habitat — Climatology — 
Soil— Rational Culture — Methods of Collection — Felling and Ringing versiu Tapping — Extrac- 
tion of Gutta Percha from Leaves by Toluene, etc —Classification of the Different Species of 
Commercial Gutta Percha — Physical and Chemical Properties of Gutta Percha — Mechanical 
Treatment of Gutta Percha — Methods of Analysing utta Percha— Gutta Percha Substitute 
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(Leather Trades.) 

THE LEATHEE WORKER’S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formulas for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 78. 6d. net. (Post free, 7s, lOd. home , Ss. abroad.) 

Contents. 

Blaokings, Polishes, Olosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders’ Sundnes — Currier's Seasonings, Blacking Cohipounds, 
Dressings, Finishes, Olosses, etc. — Dyes and Stains for Leather-'Miscel Jan ecus Information 
—Chrome Tannage— Index. 

also Manufacture of Shoe Polishes^ Leather Dressings^ etc., p, 5.) 


(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICEMAEING. By Alfred B. Searle. Royal 
8 vo. 440 pages. 260 Illustrations Price 12s. 6d. net. (Post free, 
13s. home , ISs. 6d abroad.) 

Contents. 

Nature and Selection of Clays. — Lake and River Deposited Clays — Rock Clays — Shale 
-Fire-clay The Colour of Bricl^. — Marls — ^Whitc, Yellow, and Red Bricks— Terra-cotta — 
Blue Bric^ General Characteristics of Bricks.— Pletton, Bath, and Accrington Bncks 
—London Stocks— Plastic Bncks— Sand-faced Bncks— Glazed Bncks— Fire Bncks— Qualities 
of Bricks Sand. Breeze, and other Materials.— Chalk-water— General Manufacture of 
Bncks— Clay-washing— Haulage— Hand-Brlckmaklng— Preparation of the Paste— Pugging 
— Slop-moulding — Sand-moulding — Drying — Shrinking — Pressing — Clamp Kilns — Firing a 
Clamp Plastic Moulding by Machinery.— Wire-cut Bncks— Bnck Machines and Plant- 
Crushing Rolls— Grinding Mills— Wet Pans Mixers and Feeders.— Pug-mills, Mouthpiece 
Presses, and Auger Machines — Expression Roller Machines — Cutting Tables — Repressing — 
Screw Presses — Eccentnc Represses— Die-Boxes. Drying.— Transport Stlff-plastlc 

Process.— Mill Feeding Machines— Gnndmg Mills— Elevating— Screens — Sieves— Revolving 
Screens— StlflF-plaatlc Brickmaking Machines— Repressing— Carrying-off— Drying— Kilns 
Semi- Dry or Seml-Plastic Process. — Lamination — Drying Troubles — Moulds and Arrises 
The Dry or Dust Process.— Lamination. Kilns.— Down-draught Kilns— Horizontal-draught 
Kilns— Continuous Kilos— Up-draught Kilns— Newcastle Kiln— Gas-flred Kilns— Semi-con- 
tinuous Kilns— Hoffmann Kilns— Hot-air Flues— Temporary and Permanent Flues— Chamber 
Kilns — Steam— Draught — Mechanical Draught— Gas-flred Continuous Kilns— Muffle Kilns— 
Kiln Construction. — Choice of Bncks — Foundations — Construction of Arches and Crowns— 
Fire Boxes— Feed-holes— Chimneys— Selecting a Kiln Setting and Burning.— Up-draught 
and Down-draught Kilns — Horizontal-draught or Continuous Kun — Glazed Bncks, Firing. — 
Drying or Steaming— Volatilization— Full Ftre— Smoking— Seger Cones— Draught Gauge- 
Cooling Vitrified Bricks for Special Work —Clinkers and Paving Bncks— Acid-proof 
Bncks. Plre-Brlcka and Blocks.— Materials— Grog— Grinding— Blocks— Drying— Dipped 
Fire-bncks — Firing — Silica Bricks — Oanister Bricks — Bauxite and Magnesia Bricks — 
Neutral Fire-bricks Glazed Bricks.— Pressing— Dipping— Glazes — Coloured Glazes — Ma- 
jolica Glazes— Firing— Salt-glazed Bncks Perforated, Radiol, and Hollow Bricks.— 
Fireproof Flooring Moulded and Ornamental Bricks— Drying Raw Clay— Sources of 
Dlfficully and Loss. — Improper Materials or Site^Unsuitable Methods of Working — Lack 
of Capitm— Defective Accounting — Index. 

THE MANUAL OF PRACTICAL POTTING. Compiled 
by Experts, and Edited by Chas. F. Binns. Fourth Edition, Revised 
and Enlarged, Demy 8vo 200 pages. Price 178. 6d. net. (Post free, 
178. lOd. home; ISs. 3d abroad.) 
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POTTERY DECORATING. A Description of all the Pro- 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price7s.6d.net, (Post free, 7s lOd home , 8s. abroad ) 


A TREATISE ON CERAMIC INDUSTRIES. A Complete 

Manual for Pottery, Tile, and Brick Manufacturers. By Emile 
Bourry. a Revised Translation from the French, with some Critical 
Notes by Alfred B Searlb. Demy 8vo. 808 Illustrations. 460 pp. 
Price 12s. 6d net. (Post free, 13s. home ; 13s 6d. abroad.) 

Contents! 

Preface Definition and ClaasiBoatfon of Ceramic Ware. Brief History of Ceramics. 
Raw Materials of Bodies Plastic Bodies — Properties and Composition — Preparation— Puri- 
fication Processes of Formation Thowing, Expression, Moulding, Pressing, Casting, Slip- 
ping Drying— Evaporation — Aeration — Heat — Absorption Glaaes Manufacture and 

^plication Firing Properties of Bodies and Glazes dunng Pinng— Kilns Decoration 
Materials and Methods Terra Cottas — Bricks — Hollow ^ocks— Roofing Tiles— Paving 
Bricks — Pipes — Architectural and Decorative Terra-Cotta— Common Pottery — Tobacco Pipes 
— Lustre Ware — Tests Fireclay Goods Varieties, Methods of Manufacture and Teats. 

Faiences- Classification, Composition, Methods of Manufacture and Decoration Stoneware 
— Paving Tiles — Sanitary Ware — For Domestic Purposes— For Chemical Purposes — Decora- 
tive Otyects. Porcelain Classification — Composition — Manufacture — Decoration 


ARC RITE CTURAIi POTTERY. Bricks, Tiles, Pipes, Hna- 
mclled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lbf^vre. 
Translated from the French by K. H. Bird, M.A., and W. Moore 
Binns. With Five Plates 950 Illustrations in the Text, and numerous 
estimates 500 pp. Royal 8vo. Price 15s net (Post free, 15s. 6d. 
home , 16s. 6d. abroad ) 


THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howorth. Second Edition. 
Paper Cover. Price Is. net (By post, home or abroad, Is Id.) 


NOTES ON POTTERY CLAYS. The Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone By Jas. Fairie, F.G.S. 182 pp. Crown 8vo. Price 3s 6d. 
net. (Post free, 3s. 9d. home , 3s. lOd. abroad.) 


HOW TO ANALYSE CLAY. By H. M. Ashby. Demy 8vo 
72 pp 20 Illustrations. Price 8s. 6d, net (Post free, 8s. 9d. home 
3s. lOd. abroad.) 
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A S,eiBBue of 

THE HISTOBY OF THE STAFFOBDSHIRE POTTER- 
IES , AND THE RISE AND PROGRESS OP THE 
MANUFACTURE OP POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw (Originally published in 1829) 265 pp. 

Demy 8vo. Price 5s net. (Post free, 5a 4d. home; 5s. 9d. abroad ) 


A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING FOR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. Royal 8vo Price 10s. net 

(Post free, 10s. 6d. home ; 12s. abroad ) 


BRITISH POTTERY MARKS By G. Woolliscroft Rhead. 
Demy 8vo. 310 pp With upwards of Twelve-hundred Illustrations of 
Marks in the Text. Price 7s 6d. net. (Post free, 8s home; 8s 3d. 
abroad ) 


(Glassware, Glass Staining and Painting.) 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass m its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown 8vo Price 10s. 6d. net. 
(Post free, 10s 9d home, 10s lOd. abroad ) 

Contents. 

Ruby— Ruby from Copper— Flint for using with the Ruby for Coating — A German Metal— 

Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — ^Turquoise Blue— Gold Colour 

Dark Green— Green (common)— Green for Malacnite— Blue for Malachite— Black for Mala- 
chite— Black— Common Canary Batch— Canary — White Opaque Glass — Sealmc-wax Red- 
Flint— Flint Glass (Crystal and Demi) — Achromatic Glass— Paste Glass— White Enamel— 
Firestone— Dead White (for moons) — White Agate— Canary— Canary Enamel— Index 


A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass By Ernest R. Suppling. 
With One Coloured Plate and Thirty-seven Illustrations Demy 8vo.' 
140 pp Price 7s 6d net. (Post free, 7s lOd. home , 8s abroad.) 


Contents. 

A Short History of Stained Glass— Designing Scale Drawings- Cartoons and the Cut Line 
—Various Kinds of Glass Cutting for Windows— The Colours and Brushes used in Glass 
Painting— Painting on Glass Dispersed Patterns— Diapered Patterns— Acidinc— Firms— 
Fret Lead Glazing — Index. ** ® 
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(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M A , PIi.D , F I C. Royal 12mo 60 Illustrations 300 pp Price 
7s 6d net (Post free, 7s 9d home ; 7s. lOd abroad ) 

Contents. 

Introduction. — Dealing with the Apparatus required in Cheofiioal Work and General 
Chemical Alanipulatiqn, introducing the subject of Qualitative and puantitative AniilyKis 
Fuels. — Analysis of Coal, Coke and other Fuels— Sampling and Testing for Moisture, AhIi, 
CaJoriBc Value, etc — Comparative Heating Value of different Fuels and Relative Kiticienc}. 
Water. — Analysis for Steam Raising and for Paper Making Purposes genumlly — Water 
Softening and Purification — A List of the more Important Water Softening Plant, giving 
Power required. Weight, Space Occupied, Out-put and Approximate Cost Raw Materials 
and Detection of Adulterants.—AnaJysis and Valuation of the more important Chcmiuiilh 
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Olue Gelatin and Casein, Starch, Chinn Clu>, 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline D^es 
Manufacturing Operations.— Rags and the Chemical Control of Ri^ Boiling — Esparto 
Boiling — Wood Boiling — Testing Spent Liquors and Recovered Ash — Experimental TuHts 
With Raw Fibrous Materials — Boiling^m Autoclaves — Bleaching and making up Hand Shcetu 
— Examination of Sulphite Liquors— Estimation of Moisture in Pulp and Half-stulT— Recom- 
mendations of the British Wood Pulp Association Finished Products. — I^pcr Testing, 
including Phj'sicaJ, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space Determination of Machine Direction, ThichncHS, 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
other qualities of Blotting Papers— Determination of the Permeability of Filtering Papera— 
Detection and Estimation of Animal and Vegetable Size in Paper— Si/ii^ Qualities of 
Constituents— Microscopical Examination of Fibres— The Ei^ot of Heating 
on FibriM — Staining Fibrw- Mineral Matter— Ash— Qualitative and Quantitative Exnmiiui- 
non of Almeral Matter— Examination of Coated Papers and Colouring Matters in Paper, 
rabies English and Metrical Weights and Measures with Equivalents — Conversion of 
Oi™s to Grains and vice umd— Equivalent Coats per lb , cw-t .and ton— Decimal Equivalents 
— Thermometne and Barometric Scales — ^Atomic Weights and Molecular 
Weights — I^ctora for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found— Table of Solubilities of Substances Treated of inPaper Making— SwciHc 
Gravity Tables of such aubstanc^ ^ are used In Paper Making, including Sulphuric Acid, 
Hidrochlonc Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giMng 

Degrees Tw —Hardness Table for^Scup 
I^int— Wet and Dry Bulb Tables— Properties of Saturated Steam, giving 

NotJl^ ^ Sheet-Calculations of Areas and Volumes— Logarithrafr-BInnk pngen fiJr 

special 

TIRPOSES. By L. E. Andes. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp Price 6s. net. (Post 
free, 6s. 4d home; 6s. 6d abroad ) ^ 

Opiq’ue^sIi5pJ?P^ichSf^t%a^?l^,c® Parchment Paper Machine— 

ment Slates— Double and Trinfe Osmotic ® ^ 

Parchmented Linen id Co ton-Sm^Y^^^ Parchment Papers 

Parchment Paper-Im™tii p^hmSfSrDJL?Art^?^^^^^ and Ivory from 

Acid IL. Papers for TrisferPiSurer^ Sulphuric 


PaW ftach 

Roofing and Boats — Paper Barrels— Panpi. '^lls and Ceilings— Paper Wheels, 

VIII . Hectograph Pawre IX Vfi . Gummed Paper 

Chalk and Papers 5?., 

XI , Luminous Papers — Blue-Print Pnoers — Imitation Leather. 

^ted Papers. XIII. Alarbltl pSpeS*^V Papera-Mcdi- 

Mother of Pearl Papers XV., PhotoTrap^c'^Pa^SlIh^ Papers-I rid. scent or 

Test Pa^rs XVi., Papers for ClSrfnff 3 Papers- 

Pumic Paper— Emerv Paner vvii r a?™ Purposes— u lass Paoer— 

Si 

Waterproof for Bleachers, xi., 

-Waterproof M.llboard-Sugar Paper.® Xlgf,. The Cha™cte^«^“F^“4r-^^^^^^ 
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(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel Makers, 

WorUerH in Gold and Silver, and Manufacturers of Objects of Art. 
Ijy Paul Randau. Translated from the German. Second and Revised 
lulition. With Sixteen Illustrations. Demy 8vo. 200 pp. Price 
IDs. (id. net. (Post free, Uls. lOd. home; 11s. abroad.) 

THE ART OF ENAMELLING ON METAL. By W. 

Nohman Huown. Second I?d it ion, Revised Crown 8vo. 60 pp. Price 
;ts. (ul. IU‘1 (Post free, 8s'. 9d. home; 3s lOd. abroad.) 


(Textile Subjects.) 

THE FINISHING OP TEXTILE FABRICS (Woollen, 

Worsted, Union and other Cloths). By Robkrtb Bcaumont, M.Sc. 
Wilh ISO Illustrations of Pibres, Yarns and Fabrics, i also Sectional 
.iiul other Drawinj^s of Finishing Machinery. Demy^ 8vo. 260 pp. 
Price lOh. lid. not. (l*ost free, 10s. lOd. home, lls. 3d. abroad ) 

Contents. 

WmiUin. Wurstcil und Union F.ibncH— PniccsHOH of FiniMhinj* and their Effects— The 
i>r SeminnK Suiiirmn M*ii-‘hiiiCH -Theory of Felting Fabric Structure— Ck»mpound 
1 uhrm*! I'ulling .md Milling M.ichlnery The Theory of KaiHing— Kalslng Machinery and 
the U.iising IVotesH -Cutting, Cropping or Shearing— Lustring FrocosHOH und Machinery— 
.Methii.H of Fmiihing -lndex 


STANDARD OLOTHS. By Roreets Beaumont. 

\In the Press. 

FIBRES USED IN TEXTILE AND ALLIED INDUS- 
TRIES. By C. Ainsworth Mitchicll, B.A. (Oxon.), F.I.C., 
and U. M. Puini AU\. F.I C. With (i(i Illustrations specially drawn 
diicct from the Fibres. Demy avo. 200 pp. Price 7s 6d. net. 
(Post free, 7s. lOd. home; 8s. abroad.) 


Contents. 

ClaBBlflcatlon of PIbreg. -General Cluuuctermtics of FibreH— Microscopical Examination 
of I'Mircs -Slegmatu— Chemical Examination— Ultimate FihrcH — Methyl Value — Moisture in 
1‘ilirrs Wool.— Nature of Wmil— Commercial VaricticR— Charactcnstits of Good Wool— 
Merino -Microscopical Appcar.incc— Mould in Wool— Felting Property— Curl of Wool— 
Chemicjl CompoHituin— Action of Kcugents on Wool— Chlorinlscd W<k) 1— Detection of Dyed 
J^ihrcr. in Wool Conditioning of Wool Vicuna— Camel Hair— Alpaca — Ul^ma Hmr— 
Mohnlr-Cuahmorc— Oootr Hair— Cow Hair— Morse Hair— Deer Hair— Reindeer Hair 



Nilrateil Cotton— Examination of Bleached Fahnca— Absorption of Tannin— 
.ro^H-AbHorptum of nyo.ti.ffH-; Animal, /mfi " of Cottnn-S,/od C^tton- 


pIlbHhCjS.tt^n-Mouirin'CottV.n-W Mercerteed Cotton'-Hiatory- 

L.!oUural AI.orat.oa of HhrcH-Amn.ty for 


Hllool anon StrunKtl, of Fibrc-Mcu.uromont of Shrinl,a|.o-RoDol.ons and Testa for Morcor. 

C t .i>-UyoHtuff Tcaia. Artificial Silks. LInon and Ramie -Linen: Source- 
VarioticH of Cuinmcrclal l-'Iax-Uettin|! of Flas-LuBtrous L.nen- 


Uomba?‘*Co\'tms-KjpoU-Oohro™'Dwn-k^ or GoiBal-WHcfable SnU-Aeclepiaa 
C.?tTon-Calutr.>pia Down— Bujumantia Doan— Other Vegetable Silka— Vegetable Wool— 
Tillandnia Fibre— Vegetable Horsehair Index. 
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DRESSINGS AND FINISHINGS FOR TEXTILE 

FABRICS AND THEIR APPLICATION. Description. 

of all the Materials used in Dressing Textiles Their Special Pro* 
perties, the Preparation of Dressings and their Employment in 
Finishing Linen, Cotton, Woollen and Silk Fabrics. Fireproof and 
Waterproof Dressings, together with the principal machinery employed. 
Translated from the Third German Edition of Friedrich Polleyn 
Demy 8vo 280 pp Sixty Illustrations. Price 7s. 6d. net (Post 
free, 7s lOd. home , 8s abroad.) 

Contents. 

The Dressing Process and Matetials for Same— Stiffeninfifs and Glazes— Wheaten 
Starch — Maize Starch — Rice Starch— Buckwheat Starch— Arrowroot — Tapioca— Sago- 
Artichoke Starch — DiFPeren bating and Examining Starches — The Gelatinization Temperature- 
of Starches — Flour — Protaniol For Dressings and Sizes — Adhesive Dressings— Gluten- 
Protein Glue— Vegetable Glue— Arbol Gum — Apparatine — Vegetable Glue Dressing— Pus- 
cher's Vegetable Glue— Vegetable Glue Containing Fat — Dextrin (British Gum)— Preparation 
of Dextrin — Gum, Gum Arabic— Feronia Gum — Cherry Gum, Plum Tree Gum — Testing Gum 
Arabic — Tragacanth— Vegetable Mucilage — Carragheen Moss — Iceland Moss — HaT-Thao 
Fleawort Seed— Linseed — Peru Gum — Ceylon Moss — Canary Grass Seed — Albumin — Casein 
— Caseo Gum— Glutin— Glue — Gelatine — Starch Syrup— Potato Syrup — Colophony (Rosin) — 
Materials for Soft Dressings— Glycerine— Wax— Paraffin Wax— Steanne— Fats and Fatty 
Oils— So^s— Softenings— Dressings for Pilling' and Loading'— Alum— Barium Chloride— 
Banum Sulphate— Barium Carbonate — Bleaching Powder— Lead Sulphate — Gypsum — Cal- 
cium Chloncfe — Magnesium Chlonde — Sodium Sulfshate — Glauber Salt — Magnesium Sulphate- 
(Epsom Salt) — Magnesium Carbonate — Magnesia White— Magnesium Silicate — China Clay 
(Alummiura Silicate)— Zinc Chloride — Alkali Silicates— Water-Glass — Antiseptic Dressing- 
ingredients— Dyeing and Blueing Agents — Ultramarine Blue— Pans Blue — Soluble Pans 
Blue— Indigocarmine— Various Dressings— Endosmin—Bau de Crystal!— Cr\^tallflxe— 
Lukon — Algin- Paramentine — Cream Softening — Norgine — Dressing Soaps — Gum Tragasol — 
Senegalin — Monopol Soap— Liquid Size for Dressing Bleached and Coloured FaDrica— 
Vegetable Gum Dressing-^um Substitute — S Size — Puntschart’s Vegetable Glue-Vegetable 
Glue and P Sizc-The Preparations of Dressings— Various Adjuncts to Dressing Pre- 
parations — Fatty Adjuncts — Potato Starch and Roaln Adjunct — Dressing Composition — HaY- 
Thao Dressing — Appliances for the Prepara'tlons of Dressings — Rushton's Size Boiler — 
Sifting Machine— Recipes for Dressing— Dressing for Linens— For Medium Finish— For 
Heavy Finish — For Very Hea^ Finish— Damask Dressings — For Crash Linens — For Very 
Glossy Linens — Dressings for Black Cottons — Black Glace DrasBiags — Black Dressing for 
Half- Wool lens— Yam Dressing— Laundry Glazes— Yarn Sizing— Plnlstal^ Woollen. 
Goods — Silk Finish for Wool— -Looke’a Dressing for Worsteds — Dressing for pTannela and. 
Woollens— Dressing for Heavy Trouserings — Dressing for Infenor Woollens — Protamol 
Dressing for Wool— Dressing for Worsteds, Cheviots, nnd HalF-WoolIens — Back Dressing for 
Worsteds- Finishing Woollens by the Electric Current— Finishing Silk Fabrics — Single 
Dressing for Silk — Full Dressing for Silk — Amber Dressing— Finishing HalF-Silk Satins — 
Waterproof Dressing — Alexanderson’s Recipe— Recipe of Aneny-FIouy, Bayol and Laurens 
— Balara's Recipe — Cnevallot and Girres’ Recipe — Felton's Recipe— Kappelin's Recipe — 
Sorel's Recipe — Waterproof Dressing lor Linens and Cottons — Hnlf-Woollens — Jocquelin's 
Process of Waterproofing Linens, Cottons, Woollens and Silks — Baswitz’s Recipe — Doering’s 
Recipe — Various Waterproofing Recipes— Fireproof Dressings— Special Finishing Pro- 
cesses — Imparting a Silky Appearance to Vegetable Fibres— Silvering nnd Gilding Silk— 
Flexible Mother-of- Pearl Design on Various Fabrics— Metnl Lustre Finishes- Applying 
Spjngles to Fabrics — Colour Photography on Woven Fabrics — Gold and Silver Designs — 
Applied by Heat — Imitating Embroidery and Lace— Silvering nnd Gilding Silks — Velvet Effect 
— Embossed Metal or Colour Designs on Velvet — Metallizing Clothing Materials — Bouillone 
Finish— The Application of Dressing Preparations— Tes'ting Dressings. 

THE CHEMICAL TECHNOLOGY OP TEXTILE 
FIBRES. Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing By Dr. Georg von 
Georgievics Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s 6d net. 
(Post free, 11s. home , 11s 3d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables Translated 
from the German of Anthon Grunbr With Twenty-Six DIagrrama 
In Colours. 150 pp. Crown 8vo. Price 7s. 6d net (Post free, 
7s. 9d. home , 8s abroad ) 
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TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Matcriala and the Technology of the Spinning Process.) By Julius 
Zii>9HR. Translated from German by Charles Salter. 802 Illus- 
trations. 500 pp. Demy 8vo. Price lOs. 6d. net. (Post free, Us. 
home, 11s 6d. abroad.) 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School. 
Demy 8vo 280 pp 490 Illustrations and Diagrams. Price 08. net. 
(Post free, (Ss. 4d. home; Os. 6d. abroad.) 

Contents. 

Till 1*1 AIN WliAVI AND ITS MODIFIOATIONB. TwlLL AND KlNDRBD WBAVBS. — Classid- 
catirtn of Twill Weaves. Diamond and Kindred Wbavbs Bedford Cords. Baokbd 

I^AHHICK, KUHTIANH. TBRRY PILE FABRICS. GaUZB AND LENO PABRIOB. TiBBUE, LAPPBT, 
AMI SwlVF.L PinUUINd ; ALBO OnDULF EPPKOTB, AND LOOPBD FABRIOB 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classy. 
Hy M. E. Wilkinson. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Price 3s.0d.net, (Post free, 3s lOd. home; 4s. abroad.) 

Contents. , . „ 

Siuiipler oF Lncc StitchcH— Directions For working Point Lac^ tracing Patterns, etc.— 
Lmt fiF MatcrmlH and Implements required For working Plates 1 , Simple LineB, Straight ana 
Slimlmg, .ind Designs formed from them 11 , Patterns formed From Lines in previous 
LiiSHon III.. Patterns formed from Lines In previous Le^n IV, Simple Cuiw^ 
Designs Inrmud From them. V , Simple LcaFform, and Deslgna form^ from it VI., Ele- 
mentarj Ouimctncal Forms, with Definitions. VII., ExerciSM on previous Le^ns. VIII , 
i*'illing iif a Squ.irc, Ohlong and Cii-clc with Lace Stitches. IX., Design for Tie End, baaed 
on Kiniple Leaf Form. X .We Uuttorfilcs (Freehand) XL, Tweuty Ample Designs solved 
Prom Honiton Braid LouF XII . Design for Lace Handkerchi^ ba^ on preyioua LeMon 
XIII . Design for Tea cosy. XIV , Freehand Lace Collar XV , Freehand ^cc Cuff (to 
mulLlii. XVL, Application oF Spray from Lesson XI XVIL Adaptation of Cu^b ^ 
Siiuare, for uii Cushion Centre. XVIIL, ConventiomU Spray for coraer of Tea^loth. 
Xl\ . Clcomctrlcal form for Rosehowl D’Oyley, to be originally filled in XX., Goometn^ 
form f.ii l-lottcr-vase D'Oyloy, to boonginally filled in. Each Lesson contains Instructions 

for Worlong, and application of new Stitches from Sampler. . „ rn i j 

HOME LAOE-MAKING. A Handbook for Teachers and 
l>upils. By M. E. W Milroy, Crown 8 vo. 64 pp. With 3 Plates and 
9 DiiigramH. Price Is. net. (Post free, Is. 3d. abroad.) 

THE CHEMISTRY OP HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers’ Association. By Wat- 
SON Smith, F.C S , F.l C. Revised and Edited by Albert Shonk. 
Crown Kvo. 132 pp. 16 Illustrations. Price 7s. 6d net. (Post free, 
7 -, 9 d. home; 78. lOd. nbrotid.) rnm-v 

THE TECHNICAL TESTING OP YARNS AND TEX- 
TILE FABRICS. With Reference to Official Speciflea- 
tiiins Translated from the German of Dr. J. Herzfbld Second 
Hilition. Sixty-nine Illustrations. 200 pp. Deray 8vo. Price lOs 6d. 
net (Post free, lOs. lOd home , Us. abroad ) 

DECORATIVE AND FANCY TEXTILE PABMOS. 

Bv R T. Lord For Manufacturers and Designers of Carprts, Damasl^ 
Dross and all Textile Fabrics. 200 PP- Demy 8vo. 132 Designs and 
Illustrations. Price 78. 6d. 

THEORY AND PRACTICE OP DAMASK WEAVING. 

Hy H. Kinzer and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price 88. 6d. 
net (Post free, 9b. home , 98. 6d. abroad.) 

Ma=h.s^The Coaibina- 

tion of Two Tyings. 
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FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, Ss. 4d^ 
home , 5s. 6d. abroad.) 

contents. 


AisiCBndi in Woshin^f CfirbonioALiuu^ vLiict wpauiaii^ ui luc 

Goods in the Loom — Wrong Placii^ or Colours — Wrong Weight or width of the Goods 
—Breaking of Warp and Weft Tfa reads— Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors In 
Cross-wea^*lng — Inequalities, » e , Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons— Rubbed Places — Creases — Spots — Loose and Bad Colours— Badly Dyed 
^Ivedges— Hard Goods — Brittle Goods— Uneven Goods — Removal of Bands, Stripes, 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens From the German of N. Reiser. Thirty-four 
lUustrations Tables 160 pp. Demy 8vo. 1904. Price lOs. 6d. net. 
(Post free, 10s lOd. home; 11s. abroad.) 

WORSTED SPINNERS’ HANDBOOK. By H. Turner, 

Crown 8\o. About 170 pages. [/„ iJ,c *rcss[ 

ANALYSIS OP WOVEN FABRICS. By A. F. Barker, 

M Sc , and E Midglev. Demy 8vo. 316 pp. Numerous Tables, 
b\amples and 82 Illustrations. Price 73. 6d. net. (Post free, 7s. lOd 
home , 8s. abroad ) 

WATERPROOFING OP FABRICS. By Dr. S. Mierzinski, 

Second Edition, Revised and Enlarged. Crown 8vo 140 on. 2& 
Illustrations. Price 5s. net (Post free, 5s 4d. home, 5s. 6d abroad ) 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

{Postfree%s.9d. 

Blwds, Piles, OP Mixtures of Clean Scom^ V^’s— Dyad Wool Biiok_Th« 

BRANCHES. 

Translated fro in the German of Carl Kretbchmar. Royal 8vo 123- 
&rS)- P-«10®6dnet. (Post free. ToT^hom^ 

.n sX-tITc^'z^ J|}te-Wool-The M«tenal, u»ed, 

S.zm* Ingredient «"«‘«-Comb.ned Dyeing end Sizing-The Purchase end festinro^ 

(For “ Texttlc Soaps and Oils," see p. 7.) 

(Dyeing, Colour Printing, Matching and 
Dye-stuffs.) 

THE COLOUR PRINTING OF CARPET YARWr m r 

for Colour Chemists and Teeti).. Manual 

PC.S. Seventeen IUustraI^nt^ li^f*®‘’®n Paterson, 

net (Post free. 7s. lOd^homefss. XS^d.) S''’ 

Scouring— BlraehI?“*Cai?wt °YarnSL^Io^^j5r Matenela— Water for 
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T!EjXT1LEI colour mixing, a Manual intended for 
the use of Dyers, Calico Printers and Colour Chemists. By David 
Paterson, F.R.S E., F.C.S. Formerly published under title of “ Science 
of Colour Mixing Second Revised Edition. Demy 8vo. 140 pp. 41 
Illustrations with 5 Coloured Plates and 4 Plates showing Dyed Speci- 
mens. Price 78. 6d. net. \Po8t free, 7s. lOd. home , Ss. ^road) 

[y7(st published. 

DYSBS’ MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used lo 
Dyeing, Printing, Bleaching and Finishing By Paul Hebrbian, Ph.D. 
TransOited from the German by A. C Wright, M.A (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; Ss. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 

tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing, By David Paterson, F.C.S, Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
FabrIOS. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home; 8s. abroad.) 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy -two Illustrations 160 pp. Demy 8vo. 
Price 7s, 6d, net. (Post free, 7s. lOd. home, 8s. abroad.) 

Beissue of 

THE ART OP DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M Macquer and M. le 
P iLEUR D’Apligny. First Published in English m 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home ; 6s. 
abroad.) 

THE CHEMISTRY OP DYE-STUPPS. By Dr. Georg von 
Georoievic^ Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10a. 6d net. (Post free, lls. home , lls. 6d. abroad.) 

THE DYEING OP COTTON FABRICS- A Practical 

Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chem'ist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo, Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

THE DYEING OP WOOLLEN FABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net (Post free, 7s. lOd. home, 
ds. abroad.) 


(Silk Manufacture.) 

SILK THROWING AND WASTE SILK SPINNING. 

By Hollins Rayner. Demy 8vo. 170 pp. 117 llius. Pnce5s.net, 
(Post free, 5s. 4d. home , 5s. 6d. abroad.) 

Contents. 

The Sillcworm — Cocoon Reeling and. Qualities of Silk — Silk Throwing — Silk V^astes — ^The 
Preparation of Silk Waste for Degummiog— Silk Waste Degummmg, Schapping and Dis- 
charamg — ^The Opening and Dressing of wastes — Silk Waste “Drawing” or “Preparing” 
Maohinery^Long Spinning — Short Spinning— Spinning and Finishing Processes — Utilisation 
of Waste Products — Noll Spinning— Exhaust Noil Spinning 
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(Bleaching and Bleaching Agents.) 

A PBACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 803 pp. Twenty 
Illus. Price 1 2s. 6d. net, (Post free, 13s. home, 13s. 6d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 

By Professor Max Bottler. Translated from the German. Crown 
8vo. 16 Illustrations. 160 pages. Price 5s. net. (Post free, 5s. 3d. 
home; 5s. 6d. abroad.) 

Contents. 

Bleaching Agents— Old and Nen Bleaching Methods and Bleaching Agents — Sodium 
Peroxide^-Perborates— Ozone — Sodium Bisulphite and Hydrosulphurous Acid— Discharging 
Colour from Textile Fabrics ^ith Hydrosulphurous Acid— Permanganate — Hydrogen Per- 
oxide — Bleaching Fats, Oils, Wax and Paraffin — Solid, Stable Calcium Hypochlorite and 
Bleaching Soda— Electnc Bleaching— Detergents — Benzine Soaps— Extractive Detergents 
and Detergent Mixtures— Carbon Tetrachloride — Aceto-Oxalic Acid as n Detergent , Special 
Methods of Removing Stains — Bleaching Processes Used in Chemical Cleaning — Hydrogen 
Peroxide as a Detergent — Oxygen as a Detergent — Sodium Peroxide as a Detergent — Sundry 
New Detergents ana Cleansing Agents 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp Eighty-four Illus- 
trations. Crown 8vo Second Impression Price 3s. net. (Post free, 
3s. 4d. home , 3s. 6d. abroad.) 

COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. Second Impression 180 pp. Seventy Illustra- 
tions Crown 8vo Price 5s. net. (Post free, 6s. 4d. home, Ss. 6d. 
abroad.) 

COTTON SPINNING (Honours, or Third Year), By Thomas 
Thornley. 216 pp Seventy-four Illustrations Crown 8vo. Second 
Edition Price 5s net. (Post free, 5s 4d. home , Ss. 6d. abroad.) 

COTTON COMBING MACHINES. By Thos. Thornley, 
Spinning Master, Technical School, Bolton. Deray 8vo 117 Illustra- 
tions. 300 pp Price 7s 6d net (Post free, 8s home, 8s. 6d. abroad.) 

COTTON WASTE . Its Production, Characteristics, Regula- 
tion, Opening, Carding, Spinning and Weaving By Thos Thornley 
Demy 8vo 2^6 pp. 60 Illustrations Price 7s. 6d. net (Post free, 
7s lOd. home , 8s abroad.) 

Contents. 

The Production, Characteristics, and Regulation of Cotton Waste.— The Use of 
Cotton Waste— The Making of Waste in Cotton Mills Introduction— The Blowing-room— 
Vanous Kinds of Waste Droppings— Waste from Cnghton Opener with Hopper Feeder- 
Scutcher Droppings— The Leaf Bars— Licker-m *Fly— The Beater Bars of Openers and 
Scutchers — The Scbaelibaum Bars — Testing for Waste — Calculations on Waste per cent — 
Summary of Wastes— Carding Engine Waste^ard Stnps— Long Fibre in Flat Strips— The 
Stripping of Flat Cards— Removal of Stripping Dust— Claims for Vacuum System of Stripping 
Cylinders and DofFers of Cards— Dust Extraction and the Wire Clothing of a Card— Vacuum 
System of Stnpping— The Front Plate of the Carding Engine— Communications on the Front 
Plate Question sent to the Author— Holland’s Web Conductor for Carding Engines— Hand 
Cards— Undercaaings— Comber Waste— The Disposal of the Comber Waste— Lecture— De- 
fects in Rovings Their Causes and Remedies— The Work on Self-acting Mules— Spinning 
Waste, Middle Iron Roller Laps, Fluker Rods, and Crows for Mule Bottom Rollers— Bandme 
—A Manager’s Letter on Waste m Cotton Mills— The Waste Question— Waste and Stoi? 
motions for Doubling Frames— Extra Waste from Inferior Cotton— Fuller Details of Waste m 
Indian Mills— Double Yam on Ring-Frames [Confinwrf on next page. 
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CONTENTS OF COTTON \\7XST:E~{cnittiniteii). 

Treatment of Best Cotton Wastes in Cotton-spinninc Mills, with Other Notes. — 

1 rUiitmcnt or Rovini^ W&stL — Rovina Waste Opening — Mouern Roving Waste Openers — 
,0*-‘l*V‘‘ry of Waste — Blending of the waste from Roving Opener ->Bxces^ve Use of waste — 
Ijiu Cylinder L.igsuf Roving Waste Opener — TIic Gearing — Another Make of Roving Waste 
Opener— Thi'cud Extractor— Automatic Feed— Process of Recovering Good Cotton from Card- 
mg hngine Strips— Letter on Cotton Mill VV'.iHtc 

The Opening and Cleaning of Cotton Waste.— Summary of Machines more or less 
used 111 the Treatment of Cottiin Waste— Possible Systems of Machinery in using Cotton 
W.iHte— Mixings— Soaping Appurutus — Opening and Cleaning of Cotton W.iste General 
Rcin.irks— Productions — The Willow— Central Fentiiro Strong Spikes — A Make of Willow — 
General Appear incu of Williw— Spiked Cyllndors— Weighting of Feed Rollers— Preparation 
System — Cop-hottom Machine — Uliiw-room Fires — Heavy Driving — Thu Suaper — Systems of 
Machines— The Scutcher — I£xtr.i Uenters — Cop*bottom Breaking Machine — Singlc-Bentcr 
Lap lorm-ng Scutching Machine with Hopper Feeder— The Scutcher Bars and Lap-Iicklng— 
Hiirtl Ends— '1 he Cnghton 

The Carding of Cotton Waste,— Rollers and Clearers — Action of Roller and Clearer — 
Spccihcation ot Colton Waste Curd — The Cylinder— The Wire Covering— Methods of Feeding 
the ItrcMker Curd— iJciuhIo J-ap Method — Single* hre.iking Carding Engine — Methods of Feed- 
ing the hiniKhei' C.inl — The l-iip Drum — The Scotch I'eed — ^'Fln Rollers — The Derby Doubler — 
Derby Dniiblerfor Cotton W.isle— Improved lattice Feed — The “Fancy" and “ Humbug " 
RollerN The F'ancy Roiiei— Singlc»nniHhmg Curding Engine — Breaker and Finisher Cards 
Comhinud with Scotch I'eetl — Methods ot Delivering Cotton Waste From Finisher Curds — 
The Prcpanition System— The Ring Doffer System— Rubbers — ^Thc Tape Condenser — The 
RiibherH "P.itent “ Le itherTupo" Condcnsui — Waste Curding, Side Slivei's — Patent for Per- 
fevting Side Ivnds in Carding Engines— Remarks on Cotton Waste Carding — Patent Automatic 
ruoding Machine for Hrc.ilimg Carding Engines— Single Finishing Carding linginc vi’ith Patent 
tjiiidiiiple Coilmg anil Can Motion — Adjustment of Rollers and Clearers — Flat Card — The 
" Huinhug," *' Fancy," and “Dirt" Rollois General Remarks— The Univers.il Carding 
Prmuple —Universal Cotton Waste Set, 72 in w'ide — Tape Condensers — Double Dolhng 
Arrangement for Cotton W.iste Cards — Other Double DoiTer Condensers — Condenser Bobbins 
—The Waste C.iul Condenser— Feed Rollers of Card — Special Rollers — Pieparation System — 
W.iste Curding I.ngines Double Curds — Condenser— Combined Driving for Cards — Improved 
Waste Sluhliing Frame foi Prup.irntory bystein, 

I'inal Spinning Machines for Cotton Waste.— Pccuiiar Spinning Machines — The Cun 
Spuming 1 lamc— The Spindle and Cop— Cup-Spinmng Machine— Spinning Frame — Tni Si'lf- 
aeroii Muii — Draughting of Cotton Waste on the Waste Mule — The HeidstOLlin — Spindles 
.mil Product ions— Cotton W.i^le Mule with Cotton Headstoek — Driving for Viinuhle Spindle 
Speeils -Three Speeds of Spindle — Stop Motions — Reni.irks on Three-speed Driving and Waste 
Mules - Wound or Movements m Cotton W.iste Mule — The Stubbing Motion — Wheel Sluhhmg 
Motion —Self-.iuting Mule — Sluhhmg Motion — Uiuw-buck Motion — Spindle Stop Motion — The 
* Diaw buek " Motion — Wiiuling Click Motion — Det.iils — Speei il Motions — Gunge and Speed 
liing I r mic for Cotton Waste 

'I he Use ot Cotton Waste Yarns In Weaving.— The Weaving of Cotton Waste Yarns 
— Woven Goods in which ^.iriis spun fnim Cotton Wicste m ly' he used- — R. using Pnicess — 
Cliuning Cloths —Dmihlo Cloth Weave fi om Waste Cotton Weft — Waste in Weaving Shells — 
Cop Skewering — Impro\e*d T iihaliir Winding Maehine 

Various Ntites.— The Coiinls of Cotton Waste Yarns — Apprii\im.ite Prices of Cotton 
W.isie -AppniMinate Pi le'es of Conileiiser Vurnh — Cotton Seed l^roJiicts — The Condenser 
Riiliher“—Sti ippiiig—U.inding —Overlooking .ind Kinds of Waste — Hard l-nds — Workmen— 
rme Counts Inim W.iste— Cone-drum Driving foi Mules — Use of Stoies — Woollen and 
Worsieil Miiehmes, Siimni.iry -Carding ami Spinning Machinery — Cu.d — City Guilds Evaminn- 
tmn JJm-’stion, PHI‘I — Vigogne Yarns — Extracts from Recent Consul. ir Rci^irts — Wastes iii the 
Woollen Trade— Ahsorbeiit Cotton— Waste in Doubling — W.iste in Wiping up Oil—Loose 
Cotton Ble icliing— W.iste in Amerie in Mills — Artificial Silk--Baine's Loss T.ihle, IHHIl — New 
Pjlrnl M lehine— hire Risk with Cotton Waste-^D.ingcr of Flannelette — C.indlewick — Carpet 
Cops- Condensed Yarn— Objectionable Wastes— Woollen Mill Wastes — Indmn Raw Cotton- 
Copious Index 

THE RING SPINNING FRAME : GUIDE FOR OVER- 
LOOKERS AND STUDENTS. By N. Booth Crown 
8 VO 78 p-iges Pi ice 3s net (Post free, 3s 3d home, 3s 8c1. .ibioiid ) 

(Flax, Hemp and Jute Spinning.) 

MODERN FLAX, HEMP AND JUTE SPINNING AND 
TWISTING. A Practical Handboolt for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Malters By 
Hckbert R Carter, Mill Manager, Textile Expert and Engineer, 
Examiner m Flax Spinning to the City and Guilds of London 
Institute Demy Svo 1907 With 92 Illustrations 200 pp Pi ice 
7s 6d net. (Post free, 7s 9d home , Hs abroad ) 
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(Collieries and Mines.) 

RECOVEKY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations 175 pp. Demy 8vo. Price 10s 6c(. net. (Post free 
10s lOd. home; 1 Is. abroad) * 

VENTHiATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations 240 pp. Price 10s. 6d. net. (Post free 
11s home, 11s 3d abroad) * 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W Gallowav Duncan, Electrical and Mechanical Engineer, Member 
of Uie Institution of Mining Engineers, Head of the Government School 
of Engineering, Dacca, India ; and David Penman, Certifloated Colliery 
Manager, Lecturer m Mining to Fife County Committee. Demv 8vo 
flO pp loS Illustrations and Diagrams. Price lOs. 6d net IPoat 
free, 11s home; 11s 3d abroad) . ' 

(Dental Metallurgy.) 

dental METALLURGY: MANUAL FOR STUDENTS 

® Gripfiths, Ph.D. Demy 

Furnaces and Appliances— Heat and Temperature-^Sold— 

Zinc — Magnesium — Cadmium — Tin— Lead — Af uminurm ^ Silver — Iron— Copper — 

Platinum-Ind.um-N.ckel-P«ict.cif?Vork-W^^^^^^ — Palladium — 

(Engineering, Smoke Prevention and 
Metallurgy.) 

THE PREVENTION OF SMOKE. Combined with the 

Economical Combustion of Fuel Rv w Wlttl the 

home;5s6dabi-oad) Ss. net. (Post free, Ss. 4d 

™N T^RY^ND PrScWCE^®?®^? STEEL 

So"S:“pH^s. 

SIDEROLOGY- THE abroad.) 

stitution of Iron aS (The Con- 

PaeiHERR V. Juptner. ^o'« ^•^®lated from German of 
^®a Illustrations. Price IDs Eleven Plates 

1I8 6d. abroad.) net. (Post free, 11s. home! 
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EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables for Use 
m Practice. By E Hausbrand, Engineer. Translated by A C. 
Wright, M.A. (Oxon.), B Sc. (Load.) With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp Demy 8vo. Price 10s. 6d. net. 
(Post free, 11s. home; 11s 6d. abroad ) 

(The “ Broadway ” Series of Engineering 
Handbooks.) 

Urnform in Size . Narrow Crown Svo, (To fit Pocket,) 

Volume I.— ELEMENTARY PRINCIPLES OP RE- 
INPORCED CONCRETE CONSTRUCTION. By 

Ewart S Andrews, B.Sc. Eng (Lond.) 200 pp. With 57 Illus- 
trations, Numerous Tables and Worked Examples Price 3s. net. 
(Post free, Ss. 3d. home , 3s. 6d, abroad.) 

Volume II —GAS AND OIL ENGINES. By A. Kirschke. 

Translated and Revised from the German, and adapted to English 
practice 160 pp. 55 Illustrations. Price 3s net. (Post free, 

3s. 3d. home , 3s. 6d. abroad.) 

Volume III.— IRON AND STEEL CONSTRUCTIONAL 
WORK. By K. Schindler. Translated and Revised from 
the German, and adapted to English practice 140 pp. 115 Illus- 
trations. Price 3 b. 6d. net. (Post free, Ss, 9d. home ; 4s. abroad.) 

Volume IV.— TOOTHED GEARING. By G. T. White, ^ 
B.Sc. (Lond.). 220 pp. 136 Illustrations. Price 3s. 0d. net. (Post 
free, 3s. 9d. home ; 4s. abroad.) 

Volume V, — STEAM TURBINES : Their Theory and Con- 
struction By H WiLDA Translated and Revised from the 
German, and adapted to English practice. 200 pp. 104 Illus- 
trations. Price 3s. Sd. net. (Post free, 39. 9d home ; 4s. abroad.) 

Volume VI. — CRANES AND HOISTS. Their Construction 
and Calculation. By H. Wilda, Translated from the German; 
revised and adapted to British practice. 168 pp. 399 Illustrations, 
Price 3s. 6d. net. (Post free, 3s. 9d home, 4s. abroad.) 

Volume VII.— FOUNDRY MACHINERY. By E. Treiber. 
Translated from the German , revised and adapted to British practice, 
148 pp, 61 Illustrations. Price Ss. 6d. net. (Post free, 38. 9d home , 
4s. abroad ) 

Volume VIII.— MOTOR CAE MECHANISM. By W. E. 

Dommett, Wh.Ex., A.M.I.A.E. 200 pp. 102 Illustrations. Price 
38 6d, net. (Post free, 3s 9d home , 48. abroad.) 

Volume IX.— ELEMENTARY PRINCIPLES OP ILLUM- 
INATION AND ARTIFICIAL LIGHTING. By A. 

Blok, B Sc 240 pp 124 Illustrations and Diagrams and 1 Folding 
Plate. Price 3s. 6d. net. (Post free, 3s. 9d. home , 4s. abroad.) 

Volume X —HYDRAULICS. By E H. Sprague, A.M.I C E. 

190 pp. With Worked Examples and 89 Illustrations. Price Ss. 6d, 
net (Post free, 3s. 9d. home ; 4s. abroad.) 
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\'oLUME XL— ELEMENTARY PRINCIPLES OP SUR- 
VEYING. By M T. M. Orhsby, M I.C.E I. 244 pp 

\\ ith W'orked Examples and 135 Illustrations and Diagrams, including 
4 Folding Plates. Price 4s. net. (Post free, 4s. 3d. home , 48. (id 
abroad ) 

VoLiME XII.— THE SCIENCE OP WORKS MANAGE- 
MENT. By John Batey. 232 pp Price 4s net. (Post 
free, 4s 3d home , 4s. 6d. abroad ) 

Volume XIII.— THE CALCULUS FOR ENGINEERS. 
By Ewart S Avdrews, B Sc Eng, (Load ), and H Bryon Hfywood, 
D.Sc. (Pans), B Sc (Lend.). 284 pp 102 Illustrations With Tables 
and \VorKed Examples. Price 4s. net (Post free, 4s. 3d. home ; 
4s (id abroad ) 

Volume XIV — LATHES. Their Construction and Operation. 

B\ G \\ . Burley, Wh.Ex , A.M.I.M E. 244 pp. 200 Illustrations. 
Price 3s, 6d net (Post free, 3s. 9d. home , 4s abroad ) 

(yust published 

Vollme XV.— steam boilers AND COMBUSTION 

By John Bate\ 220 pp 18 Diagrams. Price 4s. net. (Pf)st free, 
4s. 3d. home, 4s 6d abroad.) /^iib/tslud. 

Volume XVI —REINFORCED CONCRETE IN PRAC- 
TICE. By A. Alban H. Scott, M.S A., M.C I J9() pp 

130 Illustrations and Diagrams and 2 Folding Plates* Price 4s. net 
(Post free, 4s 3d. home, 4s 6d abroad) [yust pnbhsJud, 


[IN PREPARATION.] 

STABILITY OF MASONRY. By E. H. Sprague, A M I.C \l 

BRIDGE FOUNDATIONS. By W. Burnside, M J C.E. 

PORTLAND CEMENT Its Properties and Manufacture 

By P. C H. W^EST, F.C S 

TESTING OF MACHINE TOOLS. By G. W. Buritv 

Wh.Ex., AM.r.ALE. ouku ^ , 

CALCULATIONS FOR A STEEL FRAME BUILDING 

By W. C. Cocking, M.C.I. 

GEAR CUTTING. By G. W Burley, Wh.Ex, A.M I.M.E 

BY INFLUENCE LINES AND 
OTHER METHODS By E H. Sprague, A.M. I C E 

arches. By E. H. Spkagu.:, 

DRAWING OFFICE PRACTICE. By W. Clegg 

BDILDIKGS By 

ByG W B„H„v,Wh,E.v, 
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(Sanitary Plumbing, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vti, Second Edition Revised. Price 78. 6d. net. (Post 
free, 7s. lOU, home; Hs. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations! 
313 pp. Demy 8vo. Price 7s. (W. net. (Post free, 8s. home, 8s. bU 
abroad.) 

SANITARY PLUMBING AND DRAINAGE. By John 

W. Haut. Demy 8vo, With 208 Illustrations. 260 pp. 1904. Price 
7s, bd, net. (Post free, 7s, lOd. home, 8s, abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. HarTi R.P.C. With 129 Illustrations. 177 pp. Demy 8vo, 
Price 7 h. (id. net. (Post free, 78. Kid. home; 8 b. abroad.) 

THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. Revised and 
Enlarged Edition. Crown 8vo. 48 pp. Price 38. net. (Post free, 
3s, 3J. home and abroad.) 

A HANDBOOK ON JAPANNING. For Ironware, Tinware, 
and Wood, etc. By William Norman Brown. Second Edition. 
Crown 8vo. 70 pp. 13 Illustrations. Price 3s. (Sd. net. (Post free, 
3s. 9d. home ; 4s abroad.) 

Contents. 

Introduction. — Pnminif ur Prcpurin|{ the Stirfnco to be ilupiinncd — The Fir At Stu^e in 
the lijpuntiiiiK oF Wood or of Le.itlier without a Japan Grounds. — White Japan 

OroundH HIuc Japan OroiinJK^ -Kuurlet Japan (Jround -Red Japan Ground— Bright Pale 
Yellow < I roll ndH— Green Jap.in GniundM- Orange Coloured GroundK — Fuiple OroundB — Black 
(iroundN Common Kladi J.ipun Groundrt on Metal ->TortoiKu Ahull Ground — Fainting Japan 
Work VurniHlimg Japan work. Japannlnff or Enamelling Metals. — Bnamelling Bed< 
Htuad IVanius and Snnil.ir L.iigu FIuluh— J. ipunntng Tin, Huch uh Tua-trayH and Similar Goods 
— rn.imulling Old Work Knamelltng and Japanning Stoves.— ApparatuK used in 
Japanning and F.ntimullmg ' Modern Japanning and Enamelling Stoves— Stoves Heated 
b> Direct Fire Stoven Heated by Hot^uater Pipes— Figments suitable for Japanning 
with Natural Lacquer — White PlgmentK — Red PigmentH — Blue Pigments— Yeliow Pig- 
muniH (irecn l^gmcntH Black PigmentH -MethodH nP Application — Modem Methods of 
Japanning ond Enamelling with Natural Japanese Lacquer. Colours for Polished 
Brass— Miscellaneous, — Painting on 7Anc or on Gulvanl/ed Iron — Bronzing Compositions— 
Golden WrniHh for Mctid- Carnage Varnish— IMetul Polishes — Black Paints — Black Stums 
for Iron VarniHheH for Iron Work Processes for TIn-PIntIng.— Amalgam Process- 
Immersion PniccHK— Battery Process— Welglei's Pmeess— Hern's Process Galvanizing. 
Index. 

SHEET METAL WORKING, Cuttinj^, Punchinf^, Bending, 

Folding?, IVcssin^^, Driiwing and ImtiI'kissiiij' Metals, with Machinery for 
sanit*. By F. (ii outii and A. Sciiuin hi.’ Translated from the German. 
Demy Rvo. KiO pages. 126 Di.iwiiijfs and Illustrations. 2 Folding 
PlatCB, IViee 7s. bd. net. (Fust free, 7s. lOd. home, 8s, abioad ) 

[yusf published^ 


(Electric Wiring, etc.) 

THE DEVELOPMENT OP THE INCANDESCENT 
ELECTRIC LAMP. By G Basil Bakham, A.M l.E.E. 

Demy 8vo. 21)0 pp With Two Plates, Ten Tables and Twenty- 
Hve Illustrations. Price 5s. net. (Post free, 6s -Id. home, 5s. 6d. 
abroad.) 
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WIEING CALCULATIONS POE ELECTEIC LIGHT 
AND POWBE INSTALLATIONS. A Practical Hand- 

book containing Wiring Tables, Rules, and Formulse for the Use of 
Architects, Engineers, Mining Engineers, and Electricians, Wiring 
Contractors and Wircmen, etc. By G. W. Lummis Paterson Crown 
8vo 96 pp 35 Tables. Price 5s. net. (Post free, Ss. 3d home, 
5s. 6d. abroad.) 

Contents. 

Systems of Electrical Distribution— Direct Current Wino^alculahonsr-Data Relating to 
Direct Current Motors — Data Relating to Direct Current Dynamos — Alternating Current 
Wiring Calculations — Alternating Current Motor Wiring Calculations— Calculation of Alter- 
nating Current Exposed Wiring Circuits — Data Relating to Alterndting Current Motors — 
Insulation Resistance — Minimum Insulation Resistance of JElectric Light Installation — 1 Lamp 
to 150 Lamps — Particulars of Electrical Conductors — Approximate Wiring Capacity of Metal 
Conduits— Carry'ing Capacity of Conductors in 16 Caudle Lamps at Various Voltages 

and Efficiencies — Current Density' in Conductors 1000 Amperes per square inch 

I 

ELECTRIC WIRING AND PITTING. By Sydney F. 
Walker, R N., M I E.E., M.I Min.E., A M.Inst.C.E., eta, etc. Crown 
8vo. 150 pp With Illusti'ations and Tables. Price Ss net (Post 
fi^ee, 5s. 3d home, 5s 6d abioad.) 


(Brewing and Botanical.) 

HOPS IN THEIE BOTANICAL, AGEICULTUEAL 
' AND TECHNICAL ASPECT, AND AS AN AETICLB 
or COMMERCE. By Emmanuel Gross. Translated 
from the German. Seventy-eight Illustration? 340 pp Demy 8vo 
Price 10s. 6d. net. (Post free, 11s. home, lls. 6d. abroad.) 

INSECTICIDES, FUNGICIDES, AND WEED KILLERS. 

By E. Bourcart, D Sc. Translated from the French. Revised and 
Adapted to British Standards and Practice. Demy 8vo. 450 pp. 83 
Tables and 12 Illustrations. Price 12s. 6d. net. (Post free, 13s home , 
13s. 6d, abioad.) 


Contents. 

Introduction. — Relative and Absolute Diseases — Etiology — Symbiosis — Therapeutics — 
Surgical Treatment— Chemical Treatment— Curative Treatment — Indispensable Properties of 
the Chemical Agents^ — Methods of Using Chemical Products in Treating the Diseases of Plants 
— Use of Chemical Agents in the Form of Powder— Use of Chemical Agents In the Liquid 
Form — Prophylaxy^Prevontive Surgical Treatments — Preventive Treatment by Means of 
Chemical Agents — Oro\vtb Stimulants — Nutrition — Exhaustion of the Soil— Choice of Species 
— Meteorological Influences — United Efforts to Exterminate li^unous Insects, Fungi, and 
Weeds Water, Hot and Cold — Submersion ot Field, Forest, and Vineyarf — Scalding 
CHEMICAL AGENTS AND PRODUCTS EMPLOYED-Derivatives of Carbon (Carbon 
Compounds)—!. Products derived from the Fatty Series: Petroleum (Burning Oil)— 
Petroleum Sprays — Petroleum Oil and Soap Emulsions— Petroleum Spirit- Vaseline-Acetylene 
— Chloroform — Carbonic Oxide— Methyl Alcohol — Ethyl Alcohol — Amylic Alcohol — Glycerine 
(Tn-Hydrlc Alcohol) — Ether — Mercaptan — Formic Aldehyde — Acetic Acid — Oxalic Acid — 
— Oils and Fats — Soaps — Hard Soap— Soft Soap — Whale Oil Soap — Fish Oil Soap— a. 
Products of the Aromatic Series: Benzol— Coal Tar— Wood Tar — Naphthalene— Ter- 
penes — Oleo Resina— Galipot — Turpenbne — Rosins — Rosin Soaps— Rosin Emulsions — Metallic 
Rosinates— Copper Rosinate — Camphor — Nitrobenzene — Carbolic Acid — Picric Acid— Cresol 
— " Sapocarbof — Creosote—*' Creolines ” — " LysoI " — Potassium Dim tro-Cresylate— Thymol 
— /S-Naphthol — Methyl Violet — Tobacco (Nicotine Tobacco Juice) — Quassia — Hellebore — 
Pyrethra — Delphinium (Larkspur) — StrYOhoine — Nux Vomica — Walnut Leaves — Glue— Cutch 
—Aloes— Glossary of the Principal Diseases of Plants and the Parasites which occa- 
sion them— Copious Index, Including the Names of Cultivated Plants and Diseases 
from which each Plant may suffer. 

{For Agricultural Chemistry^ see p lo.) 
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(Wood Products, Timber and Wood Waste.) 

WOOD PRODUCTS : DISTILLATES AND EXTRACTS 

By P. Dumesny, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists, and J. Noyer. Translated from the French by Donald 
Grant Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, 11s. home, 11s 6cL abroad.) 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc Translated from the French 
of Paul Charpentier. Royal 8vo 437 pp 178 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home, 14s. abroad.) 

Contents. 

Physical and Chemical Properties of Timber— Compoaitiou of the Vegetable Bodies 
— Chief Elements — M Fremy's Researches— Elementanr Oi^ans of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood— Description of the Different Kinds of Wood— Principal Essences with 
Caducous Leaves — Coniferous Resinous Trees — Division of the Useful Varieties of Timber 
in the Different Countries of the Globe- European Timber— African Timber— Asiatic 
Timber— American Timber — Timber of Oceania — Forests — General Notes as to Forests , their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwooding and Rewooding 
—Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations — ^The Preservation of Timber — Generalities— Causes and Progress of De- 
terioration — History of Different Proposed Processes — Desslcation — Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as to Antiseptics Employed— Injection 
Prooessea in Closed Vessels- The Boucherie System, Based upon the Displacement of the 
Sap— Processes for Making Timber Uninflammable— Applications of Timber — Generalities 
— Working Timber — Paving — Timber for Mines — Ralhvay Traverses — Accessory Products — 
Gums— Works of M. Fremy— Reams — Barks — Tan — Application of Cork — The Application of 
Virood to Art and Dyeing— Different Applications of Wood— Hard Wood— Distillation of 
Wood— Pyroligneous Aoid — Oil of Wood — Distillation of Resina — Index. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp Fifty Illustra- 
tions Price Ss. net. (Post free, 5 b. 4d. home , 5s 6d. abroad.) 

[See also UHhsation of Waste ProductSt p 9.) 

(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Oliver Wheatley. 
Demy 8vo 83 Illustrations. 128 pp. Price 5s. net, (Post free, 
5 b. 4d. home , 5s 6d abroad ) 

Contents. 

Introduction— Chapters I., Workshop— II , Plain Work— HI., Technique— IV., Choice of 
Ornaments— V., Extended Uses. 

THE PREVENTION OP DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim Translated 
from the German of the Second Revised Edition by M J. Salter, F.I C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price5s.net. (Post free, 5s. 3d home; 5s. 4d abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C, Passmore. 

Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home; 8s. 6d 
abroad.) 
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(Foods, Drugs and Sweetmeats.) 

rOOD AND DRUGS. By E. J. Parry, B.Sc., F.I.C., F.C.S. 

Volume I. The Analysis of Food and Drugs (Chemical and Micro- 
scopical) Royal 8vo. 724 pp Price 21s net. (Post free, 21s. 6cL 
home ; 228 6d. British Colonies ; 23s 3d. other Foreign Countries.) 
Volume II The Sale of Food and Drugs Acts, 1875-1907. Royal 8vo. 
184 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home, 8s. abroad.) 

Contents of Volume I. 

Tea, Cocoa and Chocolate, Coffee— Milk, Cheese, Butter, Lard, Suet, Olive Oil — ^The Car- 
bohydrate Foods— The Starches and Starchy Foods— Spices, Flavouring Bssencea, etc — 
Alcoholic Beverages— Flesh Foods— Microscopical Analysis— Drugs containing Alkaloids, etc 
— Drugs (generally) — The Essential Oils of the British Pnarmacopoeia — Fatty OJa, Waxea, and 
Soaps of the British Pharmacopoeia— The Chemicals of the British Pharmacopceia 
Contents of Volume II- 

The Sale of Food and Drugs Act, 1875 — Description or Offencea— i^Mintment and Duties- 
of Amlysta, and Proceedings to obtain AnalyslB— Proceedings against Offenders — Expenses of 
executing the Act — ^The Sale of Food and Drugs Amendment Act, 1879 — The Sale of Food 
and Drugs Acta, 1899— The Margarine Act, 1887— The Butter and Margarine Act, 1907 

THE MANUFACTURE OF PRESERVED POODS AND 
SWEETMEATS. By A Hausner. With Twenty-eight 

Illustrations. Translated from the German of the third enlarged 
Edition. Second English Edition Crown 8vo. 225 pp. Price 7s. 0d. 
net (Post free, 7s 9d. home , 7s. lOd abroad.) 

Contents. 

The Manufacture of Conserves— Introduction— The Causes of the Putrefaction of Food 
— ^The Chemical Composition of Foods— The Products of Decomposition — The Caiises of Fer- 
mentation and Putrefaction — Preservative Bodies— The Various Methods of Preserving Pood 
— The Preservation of Animal Food — Preserving Meat by Means of Ice — The Preservation 
of Meat by Charcoal— Preservation of Meat by Drying— The Preservation of Meat by the 
Exclusion of Air— The Appert Method— Preserving Flesh by Smoking— Quick Smoking — Pre- 
serving Meat with Salt— Quick Salting by Air Pressure— Quick Salting by Liquid Pressure— 
Gamgee's Method of Preserving Meat— The Preservation of Eggs— Preservation of White 
and Yolk of Egg — Milk Preservation — Condensed Milk— The Preservation of Fat — Manu- 
facture of Soup Tablets — Meat Biscuits — Extract of Beef — The Preservation of V^etable 
Poods in Oeneir^ — Compressing Vegetables — Preservation of Vegetables by Appert's Method 
— The Preservation of Fruit— Preservation of Fruit by Storage — The Preservation of Fruit 
by Drying — Drying Fruit by Artiflcial Heat — Roasting Fruit — The Preservation of Fruit with 
Sugar — Boiled Preserv^ Fruit — The Preservation of Fruit in Spirit, Acetic Add or Glycerine 
—Preservation of Fruit without Boiling — Jam Manufacture — The Manufacture of Fruit 
Jellies— The Making of Gelatine Jellies— The Manufacture of “ Sulzen ” — The Preservation of 
Fermented Beverages— The Manufacture of Candles- Introduction — The Manufacture of 
Candied Fruit— The Manufacture of Boiled Sugar and (Caramel— The Candying of Fruit— 
Caramelised Fruit— The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making— 
Fruit Drops— The Manufacture of Dragees — The Machmetw and Appliances used in Candy 
Manufacture— Dyeing Candies and Bonbons— Essential Oils used in Candy Making — Fruit 
Essences— The Manufacture of Pilled Bonbons, Liqueur Bonbons and Stamped Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Dragdes — Appendix — Index 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 

from the German Crown 8vo. 125 pp. With 14 Illustrations, Price 
6s. net. (Post free, 5s. 3d home , 5s 4d. abroad.) 

(Dyeing Fancy Goods.) 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OP 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc Translated from the German of D. H. Soxhlbt, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
5s. 3d. home ; 5s. 4d abi oad ) 
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(Celluloid.) 

CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid , also for Dentists and 
Teeth Specialists By Dr. Fr Bockmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net (Post free, 5s. 3d home , 5s. 4d. 
abroad.) 

Contents. 

Chapters 1., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin 
— Oun-cotton — Properties of Oun-ootton — Special Gun cottons for Celluloid Manufacture — 
Nitrating Ccntrifugalisers— Collodion Wool — Methods of Preparing Collodion Wool — Cam- 

§ hor — Japanese (Formosa) Camphor, Ordinanr Camphor — Borneo Camphor (Borneol), 
lumatra ^mphor, Camphol, Baros Camphor) — Properties of Camphor — ArtiRoial Camphor 
—Camphor Substitutes ll„ The Manufacture of Celluloid ; Manufacturing Camphor by 
the Aid of Heat and Pressure — Manufacture of Celluloid by Dissolving Gun cotton in an 
Alcoholic Solution of Camphor— Preparing Celluloid by the Cold Process — Preparation with 
an Ethereal Solution of Camphor— Preparation with a Solution of Camphor and Wood 
Spirit III , The Bmployment of P3ToxylIn for Artificial Silk • Dcnitrating 
and Colouring Pyroxylin — uninflammable Celluloid — Celluloid and Cork Composition — 
Incombustible Celluloid Substitute — Xylonite or Pibrollthoid IV., Properties of 
Celluloid V , Testing Celluloid VI , Application and Treatment of Celluloid 
Caoutchouc Indust^ — Making Celluloid Ornaments — Working by the Cold Process — 
Working by the Warm Process — Celluloid Combs— Celluloid as a Basis for Artiflcial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps— Collapsible Seamless Vessels of Celluloid — Making Celluloid Balls — Celluloid 
Posters — Pressing Hollow Celluloid Articles— Casting Celluloid Articles — Method for Pro- 
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc —Imitation Tortoiseshell — 
MetaUlo Incrustations — Imitation Florentine Mosaic — Celluloid Collars and Cuffs — Phono- 
graph Cylinder Composition — Making Umbrella and Stick Handles of Celluloid — Celluloid 
Dolls— Celluloid for Ships’ Bottoms— (Celluloid Pens— Colouring Finished Celluloid Articles— 
Printing on Celluloid — Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes — Index 

(Lithography, Printing and Engraving.) 

ART OP LITHOGRAPHY By H. J Rhodes. Demy 8vo. 
344 pages. 120 Illustrations 2 Folding Pkites Copious combined 
Indev and Glossary Price lOs. 6d net. (Post fiee, 11s home, 11s. 3d. 
abroad ) 

PRINTERS’ AND STATIONERS’ READY RECKONER 
AND COMPENDIUM, Compiled by Victor Graham. 
Crown 8vo. 112 pp. 1904, Price 3s, 6d. net. (Post free, 3s 9d. home, 
3s lOd. abroad ) 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb — Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream — Cost of Cards — Quantity Table — Sizes and Weights of Paper, 
Cards, etc — Notes on Account Boohs — Discount Tables — Sizes of spaces — Lrads to a lb. — 
Dictionary — Measure for Bookwork — Correcting Proofs, etc 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations Crown 8vo, Price 2s 6d. net (Post 
free, 2s. 9d. home; 28. lOd abroad) 

{For Prmtmg Inks, see p. 3 ) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adam. Translated 

from the German Crown 8vo. 180 pp 127 Illustrations. Price 5s 
net. (Post free, Sa. 4d home , 5s. 6d abroad.) 
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(Sugar Refining.) 

THE TECHNOLOGY OF SUGAR . Practical Treatise on 

the Modern Methods of Manufecture of Sugar from the Sugar Cane and 
Sugar Beet. By John Geddes McIntosh. Third Revised and 
Enlarged Edition Demy 8 vo Fully Illustrated 

[New Edition in the press 

(Sec '^Evaporating, Condensing, etc,, Apparatus^ p. 25 .) 


(Emery.) 

EMERY AND THE EMERY INDUSTRY. Translated 
from the German of A. Haenio Crown 8vo 45 Illustrations 1 1 0 pp. 
Price 5s net. (Post free, 5s 3d. home, 5s fid abroad) 

Contents. 

Abrasive Materials. — Natural Abrasive Materials— Emei^— Corundum — Ihe Artificial 
Abrasives. Carborundum, Acheron’s Carborundum Furnace Equipment and Operation of 
Carborundum Wi^rks, Purification and Properties of Carborundum, Output of Carborundum 
—Artificial Corundum— Crushed Steel— Electnte Emery and Grinding Discs.— The Pre- 
paration of Discs and Emerj’ Wheels — The Binding Medium— Hardness and Gram — Peri- 
pheral Velocity — Hardness of the Abrasive Material— The Manufacture oF Emery Discs, etc. 
— Varieties and Shapes of Emery Discs — Wheels and Cylinders — Experiments on the Stability 
and Capacity of Emery Wheels — Points on the Use of Grinding Discs — The Further Treat- 
ment of Grinding Discs — Mounting the Discs— Guards— Results of Bursting TcstsiPDust 
Exhauster— Routing and Truemg the Grinding Discs Grinding Machines.— Introductory 
— Principal Types of Grinding Machines — ^Tool-Grindii^ Machines — hnife Grinding Muclimes 
—Saw-Sharpening Machines — Machines for Grinding iflat Surfaces — Special T>pcR of Grind- 
ing Machines— Circular Grinding- Universal Tool Grinding Machines— Working Results 
Obtained in Practical Grinding 
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CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MEBCIAL BOOKS. Compiled by Edgar Greenwood. 
Demy 8 vo. 224 pp. 1904 Being a Subject-list of the Principal 
British and American Books in print , giving Title, Author, Si/e, Date, 
Publisher and Price. Price 5s net. (Post free, 5b. 4d home , 5s. fid. 
abroad.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 Techni- 
cal, Commercial and Art Schools throughout the United Kingdom. 
With full particulars of the courses of instruction, names of principals, 
secretaries, -etc. Demy 8 vo. 150 pp Price 3b. fid. net. (Post free, 
3s lOd home , 4s abroad ) 
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